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CARBOHYDRATE ANTIGEN-NANOPARTICLE CONJUGATES AND USES 
THEREOF AS ANTIMETASTATIC AGENTS IN TREATING CANCER 



CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Application No. 
60/554,994, filed March 22, 2004, the entirety of which is incorporated by reference herein, and 
claims priority to international application number PCTAJS2003/034897, filed November 5, 
2003, the entirety of which is incorporated by reference herein. 

STATEMENT OF GOVERNMENT RIGHTS 

[0002] The work leading to the disclosed inventions was funded in whole or in part 
with Federal funds from the National Cancer Institute, National Institutes of Health, under Grant 
No. Z01 BC 010451, and with funds from Grant No. NIH R15AI49210-0L Accordingly, the 
U.S. Government has rights in these inventions. 

FIELD OF THE INVENTION 

[0003] The present invention is in the field of bionanotechnology. More specifically, 
the present invention pertains to carbohydrate nanoparticle conjugates. The present invention 
also pertains to methods of synthesizing carbohydrate nanoparticle conjugates. The present 
invention also pertains to methods of reducing metastasis of carcinoma cells using carbohydrate 
nanoparticle conjugates. 

BACKGROUND OF THE INVENTION 
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[0004] Nearly all living organisms have carbohydrates covalently linked to proteins or 
lipids on the surfaces of its cells. Many such carbohydrates have been shown to mediate many 
important physiological phenomena such as cell-cell/cell-matrix communication and signal 
transduction. As a result, cell surface glycans are thought to play important roles in the 
pathology of many diseases, e.g., inflammation, restenosis, bacterial/viral infections and cancer. 
An established hallmark of tumorigenesis is the biosynthesis of aberrant glycan chains due to 
changes in the expression of glycoprocessing enzymes. These aberrations are believed to 
become more marked as a tumor acquires a more aggressive phenotype. Many of these glycans 
are known tumor-associated antigens that have been used as haptens in the development of tumor 
vaccines. 

[0005] Two of the most widely distributed cancer-associated cell surface carbohydrate 
moieties is the tumor-associated Thomsen-Friedenreich ("T" or "TF" or "T F ") disaccharide 
antigen (Gal-P-l-^3-GalNAc-al-0-Ser/Thr and its corresponding 'TN" or "T n " or "Tn" or "T 
nouvelle" monosaccharide antigen (GalNAc-al-O-Ser/Thr). TF and Tn antigens are classic 
carbohydrate antigens that are shielded in healthy and benign-diseased tissues, but are uncovered 
in about 90% of carcinomas (e.g., breast, colon, prostate, bladder, ovarian, and gastric). Tn and 
T epitopes are cell and tissue adhesion molecules, operative in invasion by and metastasis of 
carcinoma which includes adherent and proliferative phases. Springer, G. F., J. Mol Med., 1997 
Aug;75(8):594-602. For example, during metastasis, it is believed that cancer cells released 
from a primary tumor to the circulatory system secrete TF antigen bearing glycoproteins. These 
TF glycoproteins are believed to induce endothelial cells to express the cell surface protein 
galectin-3, which gives rise to initial binding of the released cancer cells to the endothelial cells. 
Subsequent protein-protein interactions between the cancer cells and endothelial cells are 
believed to be mediated by integrin, which gives rise to colonization of the metastasized cancer 
cells. Accordingly, disruption of the TF antigen-mediated, tumor-endothelial cell interactions 
using synthetic compounds that either mimic or mask the carbohydrate structure have been 
highly sought after. Glinksy, V7V., et aL, Cancer Res., 2001, 6L 4851-4857. In this regard, 
there is a continuing need to develop synthetic compounds that inhibit tumor cell adhesion for 
use in antiadhesive cancer therapeutics. 

[0006] U.S. Patent Publication No. 2004/0052729A1 discloses materials and methods 
for studying and modulating the interaction of carbohydrate-containing moieties with other 
species, e.g., clusters of metal or semiconductor atoms, which can be employed as a substrate for 
immobilizing a plurality of ligands comprising carbohydrate groups. Although this patent 
application publication describes several carbohydrate-coated gold nanoparticles, the disclosed 
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carbohydrates (e.g., lactose) are not believed to be a specific tumor associated carbohydrate 
antigens that are expressed (i.e., displayed) on tumor surfaces. Thus, there is a continuing need 
to develop synthetic compounds having specific tumor associated carbohydrate antigens that are 
expressed on the surface of tumor cells. 

SUMMARY OF THE INVENTION 

[0007] In overcoming the problems associated with providing synthetic compounds that 
inhibit tumor cell adhesion for use in antiadhesive cancer therapeutics, one aspect of the present 
invention provides, inter alia, methods of preparing antigen-nanoparticle conjugates, comprising 
providing a nanoparticle and conjugating a plurality of carbohydrate antigens to the nanoparticle, 
wherein the carbohydrate antigens are specifically expressible on a tumor cell surface. 

[0008] Another aspect of the present invention provides antigen-nanoparticle 
conjugates comprising a plurality of carbohydrate antigens conjugated to a nanoparticle, wherein 
the antigens are specifically expressible on a tumor cell surface. 

[0009] Other aspects of the present invention include methods for inhibiting metastasis 
of carcinoma cells in a mammal, comprising: administering to a mammal or cells thereof a 
therapeutically effective amount of the antigen-nanoparticle conjugates comprising a plurality of 
carbohydrate antigens conjugated to a plurality of nanoparticles, wherein the carbohydrate 
antigens are specifically expressible on a tumor cell surface. For example, methods of 
synthesizing conjugated nanoparticles include linking a plurality of TF antigens to the surfaces 
of gold nanoparticles. These nanoparticles have been injected into mammals bearing breast 
tumors and this treatment has been shown to prevent metastasis to the lungs. 

[0008] Other aspects of the present invention will be apparent to those skilled in the art 
in view of the detailed description and drawings of the invention as provided herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The foregoing summary, as well as the following detailed description, is further 
understood when read in conjunction with the appended drawings. For the purpose of 
illustrating the invention, there is shown in the drawings exemplary embodiments of the 
invention; however, the invention is not limited to the specific methods, compositions, and 
devices disclosed. In the drawings: 

[001 1] Fig 1 (a) Structure of Thomsen Friedenreich antigen, and (b) Structure of Tn 
antigen. Lines from the amino and acid functions designate extension of a protein chain. 
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[0012] Fig 2. Putative involvement of T-antigen in tumor metastasis from Glinskii, 

Cancer Res., 2001, 61, p4851. 

[0013] Fig 3. Transmission Electron micrograph of T-ag coated gold Nanoparticles 
[0014] Fig 4. One step procedure for the preparation of gold nanoparticles in aqueous 

solution. 

[0015] Fig 5. Synthesis of Tn building block for Au nanoparticle preparation. 
Conditions are shown. Adapted from Carbohydr. Res. 2003, 338, 1925-1935. 

[0016] Fig 6. Synthesis of TF building block for Au nanoparticle preparation. 
Conditions are shown. Adapted from Carbohydr. Res. 2003, 338, 1925-1935. 

[0017] Fig 7. Synthesis of TF and Tn antigen-coated Au nanoparticles. 

[0018] Fig 8. Characterization of TF-coated gold nanoparticles. Shown are data from 
TEM, NMR, ultrafiltration and elemental analysis. 

[0019] Fig 9. Synthesis of a specific PEG-linked TF antigen building block for 
carbohydrate nanoparticle synthesis. 

[0020] Fig 10. Additional sugar-coated nanoparticles prepared in the study. 

[0021] Fig 11. Schematic of the lectin affinity chromatography assay which proves the 
stereospecificity of T-ag gold's interaction with Peanut agglutinin (PNA). 

[0022] Fig 12. Comparison of binding of T-ag gold particles to rhodamine-conjugated 
peanut agglutinin or Pisum sativum lectin. The T-ag particles form clear aggregates with the 
PNA-rhodamine but not with PSA rhodamine. 

[0023] Fig. 13. Lungs from PBS Group. Number of metastatic lesions grossly visibly 
counted, -H-+>20, ++ (10-20), + (1-9), - (0). 

[0024] Fig. 14. Lungs from T Ag Group. Number of metastatic lesions grossly visibly 
counted, +++>20, ++ (10-20), + (1-9), - (0). 

[0025] Fig 15. Table summarizing the levels of metastases on lungs. 

[0026] Fig 16. Metastasis rates presented as a bar graph, PBS, JAA-F1 1 treated and T- 
Ag gold treated groups+-H->20, ++ (10-20), + (1-9), - (0). 

[0027] Fig. 17. Kaplan-Meier Curve of in vivo Experiment . (Group 1: PBS control; 
Group 2: T Ag gold treatment). 

[0028] Fig. 18. Particle size distribution results for sample TF-HEXPEG-AuNP. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0029] The present invention may be understood more readily by reference to the 
following detailed description of the invention taken in connection with the accompanying 
figures and examples, which form a part of this disclosure. It is to be understood that this 
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invention is not limited to the specific devices, methods, conditions or parameters described 
and/or shown herein, and that the terminology used herein is for the purpose of describing 
particular embodiments by way of example only and is not intended to be limiting of the claimed 
invention. Also, as used in the specification including the appended claims, the singular forms 
"a," "an," and "the" include the plural, and reference to a particular numerical value includes at 
least that particular value, unless the context clearly dictates otherwise. When such a range is 
expressed, another embodiment includes from the one particular value and/or to the other 
particular value. Similarly, when values are expressed as approximations, by use of the 
antecedent "about," it will be understood that the particular value forms another embodiment. 
All ranges are inclusive and combinable. 

[0030] As used herein, the term "antigen" ("Ag") refers to a substance that elicits an 
antibody response. 

[0031] As used herein, the term "antigenic determinant" refers to part of an antigen 
molecule that binds to an antibody-combining site or to a T-cell receptor ("TCR"). 

[0032] As used herein, the term "epitope" refers to an alternative term for an antigenic 
determinant. These are particular chemical groups on a molecule that are antigenic, le. that 
elicit a specific immune response. 

[0033] As used herein, the term "hapten" refers to a compound, usually of low 
molecular weight, that is not itself immunogenic but, when bound to a carrier protein or cell, 
becomes immunogenic and induces antibodies, which can bind the hapten either alone or in the 
presence of a carrier. 

[0034] As used herein, the term "expressible" refers to the ability of an antigen or 
molecule to be expressed by a cell. 

[0035] As used herein, the term "carbohydrate antigens specifically expressible on a 
tumor cell surface" refers to the ability of tumor cells to express particular carbohydrate antigens 
in greater abundance compared to normal cells. Accordingly, the term "carbohydrate antigens 
specifically expressible on a tumor cell surface" is descriptive of the genus of carbohydrate 
antigens that are expressed an tumor cell surfaces in greater abundance compared to normal 
cells. Accordingly, the term "carbohydrate antigens specifically expressible on a tumor cell 
surface" is not meant to limit the disclosed inventions with regard to the origin of the 
carbohydrate antigens. Indeed, as is described further herein, the carbohydrate antigens can be 
provided by a variety of methods, including both naturally-derived sources as well as synthetic 
chemical pathways. 
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[0036] As used herein, the term "nanoparticle" refers to a particle of substance having a 
dimension, such as its diameter if the particle is spherical, smaller than about 100 nanometers 
("nm"). 

[0037] As used herein, the term "conjugate" refers to a larger entity composed of two 
or more smaller entities that are linked together, connected together, associated together, or any 
combination thereof. 

[0038] As used herein, the term "conjugating" refers to the process of linking, 
connecting, associating, or any combination thereof, two or more smaller entities to form a larger 
entity. 

[0039] As used herein, the term "antigen-nanoparticle conjugate" refers to a conjugate 
of a nanoparticle and one or more antigens. 

[0040] As used herein, the term "plurality" refers to a collection of two or more entities, 
the entities characterized as' being the same or different. 

[0041] All patents, patent applications and publications referred to herein are 
incorporated by reference in their entirety. 

[0042] In various embodiments of the present invention, the antigen-nanoparticle 
conjugates include a plurality of carbohydrate antigens conjugated to one or more nanoparticles, 
wherein the antigens are specifically expressible on a tumor cell surface. A wide variety of 
carbohydrate antigens that are specifically expressible on a tumor cell surface are known can be 
conjugated to a wide variety of nanoparticles. Suitable carbohydrate antigens are typically 
displayed to the immune system in human carcinomas during tumor growth and progression. 
Suitable carbohydrate antigens can also be selected from carbohydrates that are prognostic 
indicators for cancer, markers of metastasized carcinoma cells, adhesion molecules involved in 
metastasis, as well as any combination thereof. Suitable carbohydrate antigens that are 
specifically expressible on a tumor cell surface are conveniently provided in a review by 
Hakomori, "Aberrant Glycosylation in Tumors and Tumor- Associated Carbohydrate Antigens", 
Adv. Cancer Res. 1989, 52, 257-331. This review provides two classification schemes of tumor- 
associated carbohydrate antigens, many of which are suitable in various embodiments of the 
present invention. These classification schemes are reproduced from Hakomori, pp. 262-263 in 
the following paragraph and table: 

[0043] "Tumor-associated carbohydrate antigens can be divided into five classes 
according to their association with carrier molecules: (1) epitope structures clearly identified and 
expressed both in glycosphingolipids and glycoproteins; (2) those expressed only in 
glycosphingolipids; (3) those expressed only in glycoproteins; (4) polypeptide epitopes whose 
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antigenicity is only maintained when a single or multiple threonine or serine residue(s) is 
glycosylated; (5) antigens whose epitope is poorly defined or undefined. The first class of 
antigens is characterized by lacto-series type 1 or type 2 chain (class 1; Table I, A). The second 
class of antigens are mainly globo- or ganglioseries glycosphingolipids (class 2; Table I, A). The 
third, fourth, and fifth classes are associated with glycoproteins, particularly mucin-type 
glycoproteins (classes 3-5; Table I, A). On the other hand, tumor-associated carbohydrate 
antigens can also be classified according to their specificity of expression, i.e., (1) antigens 
highly expressed in tumor cells, not expressed in the progenitor cells, but expressed in other 
types of normal cells and tissues (class 1; Table I,B); (2) those expressed highly in tumor cells 
but expressed weakly in their normal counterparts (class 2; Table I,B); and (3) those expressed 
exclusively in tumor cells, and not in normal cells (class 3; Table I,B). The majority of tumor- 
associated antigens belong to category (1) or (2), and only rarely to (3)." 



TABLE 1 

Classification Of Tumor-Associated Carbohydrate Antigens 


A. Classification according to difference in epitope carrier 


Class 1:"A1" 


Associated with both glycolipid and glycoprotein (mostly lacto-series type 
1 or type 2 chain) 


Class 2: "A2» 


Associated exclusively with glycolipid (mostly globo-series or ganglio- 
series structure) 


Class 3: "A3" 


Associated exclusively with glycoprotein (mostly related to mucin-type O- 
linked chains such as T, Tn, and Sialyl Tn) 


Class 4: "A4" 


Associated exclusively with glycoprotein whose structure is ill defined 


Class 5: W A5" 


Polypeptide epitopes whose antigenicity is influenced by O-glycosylation 






B. Classification according to specificity of antigen expression 


Class 1:"B1" 


Novel structures highly expressed in tumor cells, absent in their progenitor 
cells, but expressed in limited numbers in other normal cells. Examples: 
di- or trimeric Le x , sialyl dimeric Le x in various gastrointestinal and lung 
adenocarcinomas, and GD 2 and GD 3 gangliosides in melanoma and 
neuroblastoma 


Class 2: "B2" 


Common structures highly expressed in tumor cells, but present in lower 
quantity in various types of normal cells and tissues. Examples: GM 3 and 
GM 2 gangliosides in melanoma, and Gb3 in Burkitt's lymphoma 


Class 3: "B3» 


Exclusively expressed in tumor cells, but absent (or present in 
immunologically undetectable levels) in normal cells. Examples: 
incompatible blood group antigens such as real A antigen and A-like 
antigen expressed in O tumors. The majority of A-like antigens are now 
identified as Tn antigen (see Class A3 above; see also Table V) 
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Suitable carbohydrate antigens used in the present invention are typically selected from one or 
more of antigen Classes A2, A3, A4, A5, B2, and B3 of Table 1. 

[0044] Preferred carbohydrate antigens include the saccharide portion of TF~Antigen, 
T n -Antigen, Gbl Antigen, GM1 Antigen, GM3 antigen, and other glycosphingolipid 
carbohydrates, LewisY tetrasaccharide, as well as their modifications, and any combination of 
these antigens. More preferred carbohydrate antigens are selected from TF- Antigen and Tn- 
Antigen. Although the antigen-nanoparticle conjugates are preferably prepared using 
exclusively one of these carbohydrate antigens, the antigen-nanoparticles of the present invention 
may suitably include at least one different carbohydrate antigen in addition to TF- Antigen or Tn- 
Antigen. Accordingly, a plurality of different carbohydrate antigens can be conjugated to each 
nanoparticle in various embodiments of the present invention, and it is typically preferred that 
the plurality of carbohydrate antigens are identical to each other. 

[0045] Suitable carbohydrate antigens used in the present invention typically are 
characterized as being composed of at least one disaccharide. In certain embodiments of the 
present invention, the at least one disaccharide typically includes at least one amino sugar group. 
Suitable amino sugar groups typically includes a six-member ring sugar having an amine group, 
examples of which include glucosamine and galactosamine. 

[0046] Suitable carbohydrate antigens preferably are selected for their ability to induce 
or inhibit expression of a particular protein or carbohydrate in healthy cells. For example, in 
certain embodiments, carbohydrate antigens that are capable of inducing galectin-3 surface 
expression in endothelial cells are suitable used, especially in provide antigen-nanoparticle 
conjugates that aid in inhibiting adhesion of metastasizing cancer cells to healthy cells. 

[0047] In various embodiments of the present invention it is desirable for at least one of 
the plurality of tumor-associated carbohydrate antigens to be conjugated to a spacer group, and 
the spacer group to be conjugated to the nanoparticle. Suitable spacer groups include a plurality 
of repeat groups, such as ethylene glycol, to form an oligomeric or polymeric chain. Each end of 
the oligomeric or polymeric chain is typicaiiy conjugated, respectively, to the nanoparticle and 
one of the carbohydrate antigens. Accordingly, suitable spacer groups include 
polyethyleneglycol chains, ('TEG"), i e., -[OCH 2 CH 2 ] n > where n is 2 to about 100, as well as a 
carbon chain, a carbon chain including sulfur, nitrogen or oxygen in the backbone, polymers 
including polyacrylamide, a peptide chain made up of all glycine or alanine units, or any 
combination thereof. In certain embodiments including spacer groups, PEG with n in the range 
of about 4 to 16 is typically used. 
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[0048] In various embodiments of the present invention, the nanoparticles can be 
provided with linking groups. Accordingly, the antigen-nanoparticle conjugates may further 
include one or more carbohydrate antigens that are conjugated to one or more linking groups, 
wherein the linking groups are conjugated to the nanoparticle. Suitable linking groups include 
one or more sulfur atoms, carboxylate, amide, carbamate, carbonate, thiocarbamate, 
thiocarbonate, thioether, succinamide and n-hydroxy succinamide groups, or any combination 
thereof. 

[0049] In certain embodiments, the antigen-nanoparticle conjugates include 
carbohydrate antigens that are each covalently linked to one or more sulfur atoms. Preferably, 
the antigen-nanoparticle conjugates of the present invention include carbohydrate antigens that 
are each linked, individually, to one or more sulfur atoms. Carbohydrate antigens can be linked 
to one or more sulfur atoms as provided herein. Preferably, at least two sulfur atoms are 
covalently linked to each other. Certain antigen-nanoparticle conjugates of the present invention 
include at least one of the sulfur atoms is bonded to the nanoparticle. Suitable bonds between the 
sulfur atoms and the nanoparticle includes covalent bonds, and preferably includes van der 
Waals (i.e., dispersive bonds), or any combination thereof. 

[0050] The antigen-nanoparticle conjugates of the present invention may also include 
one or more various other chemical groups, such as nucleic acids and amino acids. In these 
embodiments, the one or more various other chemical groups typically are linked to the 
nanoparticle, either through direct conjugation to the nanoparticle surface, or indirectly through 
use of a spacer, a linker, or any combination thereof. Typical embodiments can include 
carbohydrate antigens that are glycoproteins, i.e., carbohydrate antigens conjugated to one or 
more amino acids. 

[0051] The antigen-nanoparticle conjugates of the present invention may also include a 
combination of linking groups and spacer groups. Thus, certain embodiments of the present 
invention include one or more carbohydrate antigens that are conjugated to one or more spacer 
groups, the spacer groups are conjugated to one or more linking groups, and the one or more 
linking groups are conjugated to the nanoparticle. Although any of the aforementioned lin k i n g 
groups are suitable in these embodiments, it is preferred that the linking groups include one or 
more sulfur atoms. 

[0052] Suitable nanoparticles used in the present invention are composed of a plurality 
of atoms that are capable of forming a particle having a dimension of about 100 nm or smaller. 
A wide variety of nanoparticles are known that can be used in the present invention, although 
suitable nanoparticles of the present invention may be composed of any combination of atoms in 
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the periodic table, atoms are typically selected from one of more of Groups 1 to 17, more 
typically from one or more of Groups 3 to 16, even more typically from Groups 4 to 15, and 
even more typically from Groups 5 to 14. Preferred nanoparticles are composed of metal or 
semiconducting elements, such as those found in Groups 8 to 14, and of these, metal atoms of 
Groups 10 to 12 being more preferred, with copper, gold, silver, platinum, rhodium and 
palladium being the most preferred atoms, as well as any combination thereof. 

[0053] A variety of nanoparticles can be prepared using known techniques or purchased 
from commercial sources. For example, U.S. Patent No. 5,879,715 describes processes and 
systems for production of inorganic nanoparticles, U.S. Patent No. 6,361,944 describes the 
preparation of gold nanoparticles having oligonucleotides attached thereto, U.S. Patent No. 
6,530,944 describes a variety of optically-active nanoparticles, for example gold nanoparticles 
and nanoshells, for use in therapeutic and diagnostic methods, U.S. Patent No. 6,602,932 
describes nanoparticle composites and nanocapsules for guest encapsulation and methods for 
synthesizing same, and U.S. Patent No. 6,780,301 methods of manufacture of colloidal rod 
particles as nanobar codes. Various colloidal compositions also include nanoparticles that are 
suitable for use in the present invention. U.S. Patent No. 4,853,335 describes that colloidal gold 
particles can be prepared in a number of ways through the reduction of chloroauric acid which 
produces a variety of particle sizes ranging from 5 nm to 100 nm. This patent also describes that 
colloidal gold particles can have an intermediary binder (i.e. linker) absorbed to its surface. 

[0054] Suitable nanoparticles used in the present invention each typically have from 
about 50 to about 10,000 atoms, more typically from about 100 to about 1000 atoms; and even 
more typically from about 200 to about 800 atoms. Likewise, suitable nanoparticles have a 
dimension typically in the range of from about 0.5 nm to about 200 nm, even more typically in 
the range of from about 1 nm to about 100 nm, and even further typically in the range of from 
about 1 nm to about 10 nm. The nanoparticles that are composed of a collection of 50 to 10,000 
atoms bonded in a variety of ways can give rise to variety of shapes. Accordingly, suitable 
nanoparticles of the present invention can include any one or more of the following types of 
shapes: icosahedral, rod-like, cubic, rhombic, hexagonal, fullerene, and typically spheroid, as 
well as filled, hollow, layered and shell-like versions of these shapes, as well as any 
combinations thereof. 

[0055] . In various embodiments of the present invention, the number of carbohydrate 
antigens conjugated to each of the nanoparticles is typically in the range of from about 2 to about 
1000, more typically in the range of from about 10 to 500, and even more typically in the range 
of from about 30 to 200. Although a plurality of antigen-nanoparticle conjugates can be 
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produced wherein each has the same number of conjugated carbohydrate antigens, typically the 
antigen-nanoparticle conjugates have a distribution of number of conjugated carbohydrate 
antigens. Accordingly, a plurality of the antigen-nanoparticle conjugates is suitably 
characterized is having a distribution of conjugated antigens that can be further expressed in 
statistical terms know to those skilled in the art, for example, the mean number of conjugated 
antigens. Likewise, the plurality of nanoparticles will also be suitably characterized in terms of 
one or more distributions, for examples, particle size, number of atoms, atomic composition, or 
any combination thereof. Accordingly, suitable antigen-nanoparticle conjugates of the present 
invention will typically have a molecular weight in the range of from about 1,000 Daltons to 
about 1 million Daltons, more typically in the range of from about 10,000 Daltons to about 
500,000 Daltons, and even more typically in the range of from about 25,000 Daltons to about 
150,000 Daltons. Accordingly, a plurality of antigen-nanoparticle conjugates will typically be 
characterized as having a distribution of molecular weights, such as a weight-average molecular 
weight or in terms of a number-average molecular weight. 

[0056] In various embodiments of the present invention for preparing antigen- 
nanoparticle conjugates, the methods typically include providing at least one nanoparticle and 
conjugating a plurality of carbohydrate antigens to the nanoparticle, wherein, the carbohydrate 
antigens are specifically expressible on a tumor cell surface. Suitable nanoparticles and suitable 
carbohydrate antigens are described above. During conjugation, a plurality of nanoparticles are 
provided in a suitable reaction zone, and a plurality of carbohydrate antigens are typically 
conjugated to at least a portion of the nanoparticles within the reaction zone. Suitable reaction 
zones include a vessel, chamber or conduit suitable for conducting chemical reactions. Although 
it is typical for a portion of the carbohydrate antigens to remain unconjugated to the 
nanoparticles in the reaction zone, it is preferred that substantially all of the plurality of 
carbohydrate antigens are conjugated to each of the nanoparticles. 

[0057] In other embodiments of the method of preparing antigen-nanoparticle 
conjugates, prior to conjugating the carbohydrate antigens to the nanoparticles, the carbohydrate 
antigens may be conjugated to a linking group. Examples of linking groups are provide above, 
with specific examples provided below. 

[0058] In other embodiments of the method of preparing antigen-nanoparticle 
conjugates, the nanoparticles can be linked with one or more linking groups. In this regarding, 
linking groups can be provided on the surface of the nanoparticles through by reacting any one or 
more of the above-mentioned linking groups with a plurality of nanoparticles in a reaction zone. 
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[0059] In certain preferred embodiments of the present invention, the method of 
conjugating the carbohydrate antigens to the nanoparticle uses a self-assembly procedure. Self- 
assembly methods are described in U.S. Patent Application Pub. No. 2004/0018633A1, which 
discloses thiol terminated monodisperse ethylene oxide oligomer capped gold nanoclusters (i.e., 
nanoparticles). Preferably, the carbohydrate antigens terminated with one or more linking 
groups sulfur atoms are self-assembled onto at least one surface of the nanoparticle. 

[0060] In certain embodiments of the methods of the present invention, linking groups 
are conjugated to the nanoparticle, and at least one of the carbohydrate antigens is conjugated to 
at least one of the nanoparticle linking groups. In addition, various embodiments of the present 
invention also include conjugating one or more spacer groups to the carbohydrate antigens and to 
the nanoparticle. Any of the variety of spacer groups provided herein can be used in these 
methods. Preferably, as provided in further detail in the examples below, the spacer groups 
include PEG. 

[0061] Additional process steps may also be included in the methods of the present 
invention. In particular, it is desirable in certain embodiments, to purify the resulting antigen- 
nanoparticle conjugates. Suitable methods of purifying the nanoparticles include filtration, 
centrifugation, electrophoresis, chromatography, crystallization, or any combination thereof. 

[0062] In other embodiments of the present invention, there are provided methods for 
inhibiting metastasis of carcinoma cells in a mammal. These methods typically include 
administering to a mammal or cells thereof a therapeutically effective amount of at least one of 
the antigen-nanoparticle conjugates described herein. Accordingly, in one embodiment of the 
present invention there are provided methods for inhibiting metastasis of carcinoma cells in a 
mammal, that include administering to a mammal or cells thereof a therapeutically effective 
amount of antigen-nanoparticle conjugates, the nanoparticle conjugates comprising a plurality of 
carbohydrate antigens conjugated to a plurality of nanoparticles, wherein the carbohydrate 
antigens are specifically expressible on a tumor cell surface. Based on the in vivo mouse studies 
provided herein, one skilled in the art can readily determine suitable dosage regimens for 
preventing the metastasis in other mammals, such as humans. Accordingly, one embodiment of 
the present invention involves administering to a human or cells thereof a therapeutically 
effective amount of antigen-nanoparticle conjugates, the nanoparticle conjugates comprising a 
plurality of carbohydrate antigens conjugated to a plurality of nanoparticles, wherein the 
carbohydrate antigens are specifically expressible on a tumor cell surface. A human that is 
diagnosed as having cancer, for example, breast cancer, can be treated using the antigen- 
nanoparticle conjugates and methods of the present invention. In certain embodiments, the 
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treatment of humans using the various methods and antigen-nanoparticle conjugates gives rise to 
inhibition of metastasis, especially to the lungs. During treatment of a mammal, certain 
embodiments of the present invention may further include the steps of removing primary tumor 
cells from the mammal. Typically, the tumor cells are removed from the mammal prior to 
administering the therapeutically effective amount of the antigen-nanoparticle conjugates. In this 
regard, primary tumor cells that are inhibited from adhering to, and colonizing on, secondary 
tissues of the mammal. 

[0063] In various embodiments of the present invention for treating a mammal, suitable 
antigen-nanoparticle conjugates include any of the antigen-nanoparticle conjugates described 
herein. For example, suitable antigen-nanoparticle conjugates include carbohydrate antigens that 
are displayed to the immune system in human carcinomas during tumor growth and progression. 
Other antigen-nanoparticle conjugates that are particularly useful use carbohydrate antigens that 
include TF-Antigen, T n -Antigen, Gbl Antigen, GM1 Antigen, GM3 antigen, and other 
glycosphingolipid carbohydrates, LewisY tetrasaccharide, as well as their modifications, and any 
combination of these antigens. More preferred carbohydrate antigens are selected from TF- 
Antigen and Tn-Antigen, or any combination thereof. 

[0064] A nanoparticle is conjugated when the nanoparticle has carbohydrate antigen 
groups linked to the surface of the nanoparticle which can act to change the response of a 
biological system from that resulting from contact with a non-conjugated nanoparticle. The term 
"link" refers to an attractive association of an atom or molecule with another atom or molecule, 
for example, a covalent bond, an ionic bond, a hydrogen bond, or a bond or interaction of 
another type. As an example, carbohydrate antigen groups may be attached to the surface of the 
nanoparticle to allow the nanoparticle as a whole to adhere to biological material, and render the 
nanoparticle as a whole biologically inert so that the biological system does not "see" the 
nanoparticle and does not respond to the nanoparticle. A biological material can include a 
secretion, e.g., an antibody, from another biological material. 

[0065] In the context of interactions with biological entities, such as cells, or chemical 
constituents thereof, e.g., receptors, the term '^binding" is used consistently with usage in the 
biological literature. That is, "binding" can refer to the net attractive force between two 
molecules or macromolecular structures resulting from a number of different, simultaneously 
acting types of bonds including ionic bonds, hydrogen bonds, and van der Waals interactions. 

[0066] The carbohydrate antigen group can be linked to the nanoparticle, or it can be 
linked to a linker or spacer group that is conjugated to the nanoparticle. Certain saccharides are 
carbohydrate antigen groups. In this application, the term "saccharide" refers to mono-, di-, tri-, 
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and oligosaccharides. The saccharide can be a saccharide found in nature, or can be a saccharide 
which is not found in nature. A saccharide may be, for example, an antigen found on the 
membrane of a tumor cell or a bacterium. For example, Thomsen-Friedenreich disaccharide is 
found on the surface of many human cancer cells but not on the surface of normal human cells. 
A saccharide found on the surface of cancer cells, but not on the surface of normal human cells 
can be referred to as a tumor-associated carbohydrate antigen. 

[0067] The term "linked" is used herein to mean either directly linked or indirectly 
linked. In a first example, a first chemical group is directly linked to a second chemical group if 
there is a link between an atom or a portion of the first chemical group, and a link between an 
atom or a portion of the second chemical group. In a second example, a first chemical group is 
indirectly linked to a second chemical group if there is a link between an atom or a portion of the 
first chemical group and a third chemical group, and another link between the third chemical 
group and a second chemical group. Referring to a first chemical group as "linked" to a second 
chemical group means that the link could be direct, as in the first example, or indirect, as in the 
second example. 

[0068] A chemical group, e.g., a carbohydrate antigen group, can be linked to the 
nanoparticle directly, or it can be linked to the nanoparticle indirectly, for example, through a 
linking group. A Unking group can play a number of different roles. For example, a linking 
group may act as a "spacer" between the nanoparticle and the carbohydrate antigen group so that 
the carbohydrate antigen group can assume a conformation required to stimulate or suppress the 
response of a biological system as desired. A linking group can also act to separate charge in or 
on the nanoparticle from the carbohydrate antigen group. A linking group can facilitate linking 
a carbohydrate antigen group to the nanoparticle. For example, a carbohydrate antigen group can 
be linked to a linkin g group, the linking group can include an atom which has a high affinity for 
the nanoparticle and thus links to the nanoparticle or integrates with the nanoparticle. For 
example, a carbohydrate antigen group can be linked to a sulfur atom, the sulfur atom serving as 
a linking group, and the sulfur atom can in turn be linked to the surface of the nanoparticle. As 
another example, a saccharide which is a carbohydrate antigen group can be linked to a linking 
group including a chain of at least one carbon atom. The linking group can further include a 
sulfur atom. The sulfur atom can then be linked to the nanoparticle, for example, a gold or silver 
nanoparticle. An atom which links directly to the nanoparticle, for example, a sulfur atom, can 
be referred to as part of a linking group or as a linking group in itself. Alternatively, an atom 
which links directly to the nanoparticle can be referred to as outside of a linking group. That is, 
the previous example could also be presented as a carbohydrate antigen group linked to a linking 
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group including a chain of at least one carbon atom, with the linking group linked to the sulfur 
atom, which is linked to the nanoparticle. In an embodiment, a Thomsen-Friedenreich 
disaccharide is covalently bonded to a linking group including a chain of five carbon atoms, 
which is in turn linked to a sulfur atom, which is in turn linked to the nanoparticle of silver or 
gold. 

Carbohydrate Antigen^ Rlv ^ SH 
III 

[0069] In an embodiment, the carbohydrate antigen group-thiol of Formula III can be 
formed by reacting a glycoside of Formula I with a alkylthio acid in the presence of a catalyst to 
produce a thioester of Formula II, in which R2 represents a group containing one or more carbon 
atoms. The thioester of Formula II can then be debenzylidinated and hydrolyzed to produce the 
carbohydrate antigen group-thiol of Formula in in solution. In an embodiment, the glycoside 
can be selected to produce a Thomsen-Friedenreich-thiol for the compound of Formula HI. 

Acetylated, Benzylidenated Carbohydrate Antigerf^ 



[0070] In an embodiment, the solution containing conjugated nanoparticles illustrated 
in Fig. 1 can be purified, and the purified solution can be dried to isolate a preparation of 
carbohydrate antigen group-conjugated nanoparticles. For example, the solution can be filtered 
through a membrane with a cutoff in the range of 10,000 to 1 million daltons. The cutoff can be 
selected so that only the desired nanoparticles less than a certain size pass through and larger 
nanoparticles and particles are retained; in this case the permeate passing through the filter is 
dried to obtain isolated conjugated nanoparticles. Alternatively, the cutoff can be selected so that 
the desired nanoparticles of greater than a certain size are retained and smaller nanoparticles and 
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particles pass through; in this case the retentate retained by the filter is dried to isolate conjugated 
nanoparticles. The solution containing the nanoparticles can also be forced through a filter with 
a larger cutoff, the permeate then passed through a filter with a smaller cutoff, and the retentate 
of the filter with the smaller cutoff then dried to isolate conjugated nanoparticles. Membranes of 
various types can be used, for example, an ultrafiltration membrane can be used or a dialysis 
membrane can be used. As an example, the solution containing the nanoparticles can be passed 
through an ultrafiltration membrane with a cutoff of about 50 kilodaltons and the retentate dried 
to isolate conjugated nanoparticles. The isolated conjugated nanoparticles can be redissolved or 
resuspended in an aqueous solvent, for example, a biocompatible aqueous solvent, for further 
use. A biocompatible aqueous solvent could be a solvent containing components in addition to 
water and the nanoparticles which improve the performance of the water-dissolved or water- 
suspended nanoparticles when they are applied to a biomaterial. For example, a biocompatible 
aqueous solvent may be adjusted to have similar salinity and pH as a tissue into which it is to be 
injected. 

[0071] In an embodiment, a conjugated nanoparticle is linked to a cell to form a cell- 
nanoparticle complex. For example, the carbohydrate antigen group on the nanoparticle may act 
as a ligand which couples with a receptor on the surface of a cell. The carbohydrate antigen 
group on the nanoparticle can be, for example, a saccharide, such as Thomsen-Friedenreich 
disaccharide. For example, the Thomsen-Friedenreich disaccharide may act as a ligand which 
couples with a receptor protein, galectin-3, on an endothelial cell. In addition to a carbohydrate 
antigen group, the nanoparticle may have other groups on the surface of the nanoparticle , such 
as a mercaptoalkanoic acid, e.g., mercaptoacetic acid. 

[0072] In an embodiment, the conjugated nanoparticles are in the form of a 
formulation. Such a formulation includes a liquid and conjugated nanoparticles dissolved or 
suspended in the liquid so that the solution or suspension does not precipitate or flocculate. The 
conjugated nanoparticles according to the invention, when mixed with water, form a solution 
which is clear, although it may be colored. Thus it appears that the nanoparticles dissolve in 
water. However, the literature on hydrophilic nanoparticles often refers to a suspension of 
nanoparticles, it may be that although when mixed with water, the resultant composition is clear, 
the term "suspension" is used because of the greater size of nanoparticles with respect to low 
molecular weight molecules. 

[0073] Carbohydrate antigen-conjugated nanoparticles according to the invention can 
be injected into an organism, for example, into the tissues, including the circulatory system, of a 
living animal. For example, the carbohydrate antigen-conjugated nanoparticles can be dissolved 
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or suspended in a biocompatible aqueous solvent, and the solution or suspension then injected 
into the body. The Thomsen-Friedenreich-conjugated nanoparticles of the invention would 
adhere to cells which express galectin-3, in particular, endothelial cells which have been 
stimulated to express large amounts of galectin-3. Adhesion of tumor cells on to the endothelial 
cells would then be inhibited based upon a masking effect. The fact that the carbohydrate 
antigen-conjugated nanoparticles of the present application are water-soluble and biocompatible 
makes them particularly advantageous for use in evaluating tissue in vivo or in vitro. 

[0074] Nanoparticles can also be conjugated with biological receptors which couple 
with antigens on cancer cells, these antigens either not being present in normal cells or being 
present on cancer cells in much greater concentration than in normal cells. Similarly, 
nanoparticles can be conjugated with antigens which couple with receptors on cancer cells, these 
receptors either not being present in normal cells or being present on cancer cells in much greater 
concentration than in normal cells. By contacting the nanoparticle conjugates with tissue in the 
body or in an in vitro sample, adhesion by cancer cells can be inhibited. 

[0075] Carbohydrate antigen-conjugated nanoparticles can be used in therapeutic 
applications. For example, cancer cells may express antigens which couple with receptors on 
normal cells. Such coupling can play a role in metastasis of cancer cells or other interactions of 
cancer cells with the body. In an embodiment, nanoparticles are functionalized with the same 
antigens which the cancer cells express, the nanoparticles may bind to receptors on normal cells 
and thereby block adhesion of cancer cells to the normal cells. For example, as discussed above, 
cancer-associated carbohydrate T antigen, e.g., Thomsen-Friedenreich disaccharide, plays a 
leading role in docking breast and prostate cancer cells onto endothelium by specifically 
interacting with an endothelium-expressed protein, galectin-3. Thomsen-Friedenreich- 
functionalized nanoparticles are injected into the body to adhere to endothelial cells which 
express galectin-3, in particular, endothelial cells which have been stimulated to express large 
amounts of galectin-3, and thereby block adhesion of the cancer cells to the endothelium. Such 
therapy could delay or prevent the metastasis of cancer cells. See Glinsky et al., 'The role of 
Thomsen-Friedenreich antigen in adhesion of human breast and prostate cancer cells to the 
endothelium", Cancer Res., 61 (12): 4851-4857, June 15, 2001. 

[0076] Without being bound by any particular theory of operation, multiple 
presentations of antigenic saccharides to receptor proteins, i.e., a high concentration of antigenic 
saccharides, may dramatically increase the strength of coupling between the particle or cell with 
the antigenic saccharides and the particle or cell with the receptor proteins; this is known as the 
cluster glycoside effect. Thus, carbohydrate antigen-conjugated nanoparticles can 
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advantageously be used as vehicles to provide antigenic saccharides to receptors proteins, 
because the antigenic saccharides are present in high concentrations on the nanop articles. 

[0077] The carbohydrate antigen-conjugated nanoparticles presented in this application 
can be especially useful in that they can be used for therapy and diagnosis. For example, 
carbohydrate antigen-conjugated nanoparticles can be injected into the body for therapy, and 
then induced to fluoresce and imaged to monitor the response of the body, especially of diseased 
tissue, to the therapy. 

[0078] As discussed above, nanoparticles functionalized with an antigen can bind with 
diseased cells, e.g., cancer cells, which express a receptor for the antigen, and nanoparticles 
functionalized with a receptor can bind with diseased cells, e.g., cancer cells, which express an 
antigen which couples with the receptor. In an embodiment, the nanoparticle, in addition to the 
carbohydrate antigen, has an additional therapeutic agent linked to it. By injecting such a 
nanoparticle, site-specific drug delivery can be achieved. Such site-specific therapeutic agent 
delivery is of great interest in cancer therapy, as the therapeutic agents used can be toxic to 
normal as well as cancerous cells. The therapeutic agent delivered can be a drug, e.g., a drug to 
stimulate an immune response, a chemotherapeutic agent, e.g., for killing or weakening a cancer 
cell, or a radiotherapeutic agent for killing or weakening a cancer cell. Alternatively, the 
nanoparticle portion of the antigen-nanoparticle conjugate may itself serve as the therapeutic 
agent. For example, radioisotopes may be used as elements in the formation of the nanoparticle. 
Non-radioactive elements or compounds may be selected for their toxicity to cancer cells and 
selected so that the nanoparticle degrades over time, exposing the cancer cells to which the 
antigen-nanoparticle conjugate is bound to these toxic elements or compounds. Drug- 
functionalized, radioactive, or chemotoxic nanoparticles functionalized with an antigen can also 
be used to selectively weaken or destroy cells in the body which cancer cells co-opt for their 
growth or proliferation. 

[0079] In an embodiment, carbohydrate antigen-conjugated nanoparticles are used as a 
component of an immunogenic composition. Tumor-associated antigens expressed by cancerous 
cells, for example, antigenic saccharides such as Thomsen-Friedenreich disaccharide, can be 
used to functionalize nanoparticles. Introduction of tumor-associated-antigens alone usually fails 
to stimulate an immune response because of immune self-tolerance. However, without being 
bound by a particular theory of operation, multiple and dense presentation of tumor-associated- 
antigens on the surface of a nanoparticle core may be recognized by the immune system as 
distinctly unnatural so that an immune response is stimulated. When injected into the body, 



-18- 



WO 2005/046722 



PCT/US2004/035831 



these tumor-associated antigen-functionalized nanoparticles stimulate an immune response and 
thus spur the immune system in attacking the cancerous cells. 

EXAMPLES 

[0080] In these examples we report an efficient and facile preparation of Tn-antigen 
(also referred to herein as "Tn Antigen" and "Tn Ag", T n antigen, and similar variants) and TF- 
antigen (also referred to as "TF Ag", "TF antigen", 'T Antigen, and similar variants") 
encapsulated gold nanoparticle conjugates, their interaction with galactoside-specific protein 
galectin-3 and TF-antigen binding 15-mer peptide P-30. Applications in imaging, early cancer 
diagnostics, and their use as antimetastatic agents are discussed. 
Results and Discussion 

[0081] The preparation of disulfide-bridged T n - and TF antigens is outlined in Scheme 
1 of Svarovsky, S. A.; Barchi, J. J. Jr. Carbohydr. Res. 2003, 338, 1925-1935. We then prepared 
T n - and TF-antigen-encapsulated gold nanoparticle conjugates by a modified procedure of Brust 
et al. ("Synthesis of Thiol-derivatized Gold Nanoparticles in a Two-phase Liquid-Liquid 
System", J. Chem. Soc, Chem. Commun. 1994, 801-802.) The resulting antigen-nanoparticle 
conjugates were extremely soluble in water but completely insoluble in methanol and other 
organic solvents. The TEM measurements (Figure 3) shows that solubilization in water did not 
result in any aggregation of the nanoparticles.. 

[0082] The disappearance of the methylene signals next to the -SH group in the TF- 
antigen conjugated nanoparticles ('TF-AuNP") as well as the disappearance of -SH peak from 
the JR spectrum are clearly indicative that the gold particle was bound with the TFSH 
monolayer. The chemical shifts and the integrals of the rest of protons confirm that the bonded 
TFSH molecules have the same structure as the free ones. Results of elemental analysis of the 
gold nanoparticles showed same relative C/H/N/O ratio as in the free ligand. 

EXPERIMENTAL 

Materials and Methods 

[0083] Melting points were determined on Fisher- Johns melting point apparatus and are 
uncorrected. R f values refer to TLC performed on Analtech Uniplates GF pre-coated with silica 
gel 60 to a thickness of 0.25 mm. The spots were visualized by charring with a solution of 
ammonium molybdate (IV) tetrahydrate (12.5 g) and cerium (IV) sulfate tetrahydrate (5.0 g) in 
10% aqueous H2SO4 (500 mL). Flash column chromatography was performed under medium 
pressure using silica gel 60 (230-400 mesh, E. Merck) and usually employed a stepwise solvent 
polarity gradient, correlated with TLC mobility. 
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[0084] NMR spectra were recorded on Varian InovaUnity-400 instrument with residual 
CHCI3 (7.26 ppm) as the internal standard at frequencies of 399.74 MHz for *H and 100.51 MHz 
for l3 C. Assignments were based on gCOSY, TOCSY, ROESY, and 13 C/DEPT experiments. ! H 
NMR data are tabulated in the order of multiplicity (s, singlet; d, doublet; dd, doublet of 
doublets; dt, double of triplets; t, triplet; q, quartet; m, multiplet; brs, broad signal), number of 
protons, and coupling constant(s) in hertz. IR spectra were taken with JASCO FT/IR-615 
spectrometer. Specific optical rotations were determined using JASCO-P1010 polarimeter in 0.5 
dm cuvette at 589 nm in chloroform. Five consecutive measurements were taken each time; the 
average value is given. Positive ion fast-atom bombardment mass spectra (FABMS) were 
obtained at an accelerating voltage of 6 kV and a resolution of 2000. Glycerol was used as the 
sample matrix, and ionization was effected by xenon atoms. Laser scanning confocal microscopy 
was performed on Zeiss 510 confocal microscope (NCI-Frederick, Confocal Microscopy 
Facility, Image Analysis Lab). Elemental analyses were performed by Atlantic Microlab, Inc., 
Norcross, GA. Unless otherwise noted, materials were purchased from Aldrich-Sigma 
(Milwaukee, WI) and used without further purification. 

Thioacetoxypentyl-2-deoxy^,64>enzylidene-2-acete 



[0085] To a solution of 200 mg (0.53 mmols) of 126C-284 in 6 ml of anhydrous 1,4- 
dioxane was added 4.4 ml (8.0 mmols,-15.08-eqmvs) of freshly distilled (3x) thiolacetic acid 
followed by addition of 90 mg (0.09 mmols) of AIBN. Reaction was left stirring at 75 °C. In 6 
hours TLC (5% v/v MeOH in CH2CI2) showed no starting material. Reaction was co-evaporated 
with xylenes to remove the solvents and the residual oil was flash-chromatographed with 20:1 
EtOAc/hexanes to give 208 mg (0.46 mmols, 86% yield) of white solid. R f 0.22, (10:1 
EtOAc/Hexanes); [a] D = +210.00 (c 0.21 in CHCI3); IR (neat) 3291.89, 2114.56, 1748.16, 
1649.80, 1554.34, 1375.00, 1218.79; X H NMR (400 MHz, CDCb) 8 = 7.49-7.56 (m, 2H, Ph), 
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7.35-7.42 (m, 3H, Ph), 5.76 (d, 1H, J=9.37Hz, NH), 5.58 (s, 1H, PhCH), 4.94 (d, 1H, J=3.51, H'- 
1), 4.46 (m, 1H, H'-2), 4.27 (dd, 1H, J=1.17, 12.49Hz, H'-6b), 4.23 (d, 1H, J=3.51Hz, H'-4), 
4.08 (dd, 1H, J=1.95, 12.49Hz, H'-6a), 3.84 (ddd, 1H, J=3.5, 10.5, 14.4Hz H'-3), 3.70 (dt, 1H, 
J=6.25, 9.76Hz, -OCH2CH2CH2CH2CH2SAC), 3.67 (bs, 1H, H'-5), 3.44 (dt, 1H, J=6.25, 9.76Hz 
-OCH2CH2CH2CH2CH2SAC), 2.88 (m, 2H, -OCH 2 CH 2 CH2CH2CH 2 SAc), 2.76 (d, 1H, 
J=10.93Hz, -OH), 2.34 (s, 3H, SAc), 2.05 (s, 3H, NHAc), 1.56-1.68 (m, 4H, - 
OCH2CH2CH2CH2CH2SAC), 1.38-1.49 (m, 2H, -OCH2CH2CH2CH2CH2SAC); l3 C NMR (100 
MHz, CDCI3) 5 = 171.37, 129.36, 128.43, 126.56, 101.51, 98.38, 75.71, 69.58, 69.35, 68.04, 
63.15, 50.60, 30.86, 29.55, 29.04, 28.98, 25.55. 

FAB MS m/z: 454.2 (MH 4 ). Anal: Calcd. for C22H31NO7S: C 58.26; H 6.89; N 3.09. Found: C 
58.14; H 6.80; N 3.02. 



Thioacetoxypentyl-2-deoxy-2-acetamido-a-D-galactopyranoside(126C-289-2) 




[0086] A solution of 180 mg (0.40 mmols) of 126C-287 in 10 ml of 80% AcOH was 
allowed to react at 60 °C for 3 hours. No starting material could be detected after this time. 
Reaction solution was diluted with xylenes and rotoevaporated to dryness. The white solid 
residue was chromatographed on silica gel using 10% v/v MeOH in CH2CI2 as eluent. This gave 
80 mg (56% yield) of the a-product. R f 0.21, (10% MeOH in CH 2 C1 2 ); [a] D = +104.74 (c 0.18 in 
CHCI3); IR (neat) 3319.86, 2119.40, 1738.80, 1692.23, 1643.05, 1542.77; ! H NMR (400 MHz, 
CDCI3) 5 = 6.00 (d, 1H, J=8.20, NH); 4.86 (d, 1H, J=3.9Hz, H'-l) 4.32 (m, 1H, H'-2), 4.02 (d, 
1H, J=3.12Hz, H'-4), 3.86 (bd, 1H, OH), 3.76 (m, 1H, H'-3), 3.71 (dt, 1H, J=6.64, 9.76Hz, - 
OCH2CH2CH2CH2CH2SAC), 3.49 (bs, 1H, OH), 3.43 (dt, 1H, J=6.25, 9.76Hz - 
OCH2CH2CH2CH2CH2SAC), 2.81-2.87 (m, 2H, -OCH2CH2CH2CH2CH2SAC), 2.67 (bs, 1H, 
OH), 2.34 (s, 3H, SAc), 2.09 (s, 3H, NHAc), 1.57-1.69 (m, 4H, -OCH2CH2CH2CH2CH2SAC), 
1.38-1.48 (m, 2H, -OCH2CH2CH2CH2CH2SAC); 13 C NMR (100 MHz, CD3OD) 5 = 196.46, 
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172.68, 97.51, 71.23, 69.18, 68.49, 67.47, 61.62, 50.48, 48.44, 47.17, 29.40, 29.32, 28.71, 28.58, 
25.26, 21.50. 

FAB MS m/z: 366.2 (MH*). Anal: Calcd. for C15H27NO7S: C 49.30; H 7.45; N 3.83. Found: C 
49.38; H 7.34; N 3.83 



Thiopentyl-2-deoxy-2-acetamido-a-D-galactopyranoside (126C-290) 




[0087] To a solution of 60 mg (0.16 mmols) of 126C-289-2 in 3 ml of anhydrous 
MeOH. 45 ul (10.6 mg, 0.20 mmols) of NaOMe (25% w/v solution in MeOH) was added 
dropwise at 0 °C. The solution was then warmed to ambient temperature and stirred for an 
additional hour. The solution was neutralized with weakly acidic ion-exchange resin 
(Amberlite®-50). The resin was filtered and washed with 20 ml of MeOH. FCC on silica gel 
using 10% v/v MeOH in CH 2 C1 2 afforded 47 mg (89%) of white solid. R f 0.10, (10% MeOH in 
CH 2 C1 2 ); *H NMR (400 MHz, D 2 0) 5 = 4.76 (d, 1H, J=3.51, H'-l), 3.99 (dd, 1H, J=3.90, 
10.93Hz, H'-2), 3.84 (d, 1H, J=3.51Hz, H'-6a), 3.80 (d, 1H, J=5.86Hz, H'-4), 3.77 (dd, 1H, 
J=3.12, 3.51Hz, H-3), 3.62 (d, 1H, J=1.95Hz, H'-6b), 3.60 (bs, 1H, H'-5), 3.53-3.60 (m, 1H, - 
OQfcCH 2 CH 2 CH 2 CH 2 SNa), 3.30-3.38 (m, 1H, -OCH2CH 2 CH 2 CH 2 CH 2 SNa), 2.42 (t, 1H, 
J=7.03, 7.42Hz, -OCH 2 CH 2 CH 2 CH 2 CH2SNa), 1.90 (s, 3H, NHAc), 1.42-1.53 (m, 4H, - 
OCHzCifcCH^fijCHzSNa), 1.26-1.36 (m, 2H, -OC^C^CHiC^C^SNa), (check H4,5,6 
assignments, blow up COSY); 13 C NMR (100 MHz, D 2 0) 8 = 174.69, 96.96, 71.00, 68.69, 
68.07, 67.84, 61.42, 50.23, 32.78, 28.04, 24.25, 23.86, 22.15. FAB MS m/z: 346.2 (M+Na + ). 
Anal: Calcd. for Ci 3 H 24 NNa0 6 S: C 45.21; H 7.00; N4.06. Found: C 46.31; H 7.80; N 4.15 

Tn-Encapsulated Gold Nanoparticles (Tn-AuNP) 
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[0088] A solution of HAuCU (1 ml, 15mmol/L, 0.015 mmols) in water was combined 
with 1 ml of 35 mmol/L (0.035 mmols) solution of tetraoctylammonium bromide (0.035 mmols) 
in toluene. The two-layered solution was vigorously stirred until the water layer became clear 
(complete transfer of HAuCU into the organic phase). The orange toluene layer was separated 
and transferred into a reaction vial. Solution of 3.5 mg (0.0054 mmols) of 126C-300 and 1 mg of 
NaBEL* in 2 ml MeOH was added. The combined solution was then slowly added to the toluene 
solution of HAuCU with vigorous stirring. Immediate precipitation of dark insoluble material 
occurred. After addition was complete, the reaction solution was stirred for additional hour. The 
precipitate was centrifuged at 5,000 rpm for 15 min and washed with MeOH. This procedure was 
repeated three times. The dark precipitate was dissolved in water and lyophilized. NMR of the 
nanoparticles in D 2 0 showed traces of starting material (NT=5,000) along with broad signals 
corresponding to the sugar ligand 126C-300. The nanoparticles were additionally purified by 
centrifugal filtering on Centricon®-3 until no starting material could be detected by NMR and 
TLC. *H NMR spectrum (400 MHz, D20) of Tn-AuNP showed two broad peaks at 1.00-2.50 
ppm and 3.00-4.5 ppm. The chemical shifts of the peaks correspond to those of compound 126C- 
300. Previous reports indicate that the broadened peaks may be attributed to the assembly of 
thiolated Tn-antigen on the gold surface.(Lin, C-C. et al JACS, 2002, 124, 3508 and refs therein) 
IR, NMR, TEM, UV-Vis. 

Preparation of TF-AuNP 

126B-172 
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[0089] A solution of 120 mg (0.17 mmols) of 126B-164{Svarovsky & Barchi 2003 281 
/id} in 4 ml of anhydrous 1,4-dioxane was purged with argon for 20 min. To this deoxygenated 
solution 1.4 ml (2.55 mmols, 15 eqiuvs) of triply distilled thiolacetic acid was added followed by 
30 mg (0.03 mmols) of AIBN. The reaction was left to stir under argon atmosphere at 75 °C until 
no starting material could be detected by TLC (approximately 1 hour). The reaction was then 
quenched with cyclohexene (0.1 ml). The solution was co-evaporated with xylenes under 
reduced pressure. FCC on silica gel with 3:1 EtOAc/ hexanes provided 125 mg (99.8%) of white 
soUd (7:3 mixture of amide rotamers). R f 0.19 (3:1 EtOAc/hexanes); [a] D = +157.79 (c 0.22 in 
CHC1 3 ); IR (neat) 3099.05, 1752.01, 1689.34, 1368.25, 1220.72; J H NMR (400 MHz, CDC1 3 ) 5 
= 7.48-7.54 (m, 2H, Ph), 7.27-7.38 (m, 3H, Ph), 5.56 (d, 1H, J=8.98Hz, NH), 5.52 (s, 1H, 
PhCH), 5.34 (d, 1H, J=2.34Hz, H"-4), 5.13-5.19 (m, 1H, H"-2), 4.92-4.98 (m, 2H, H"-3, H'-l), 
4.76 (d, 1H, J=7.81Hz, PH"-1), 4.62 (m, 1H, H'-2), 3.90-4.30 (m, 6H, H'-6, H"-6, H'-4, H"-5), 
3.88 (m, 1H, H'-3), 3.59 (bs, 1H, H'-5), 3.60-3.70 (m, 1H, -OCH2CH2CH2CH2CH2SAC), 3.35- 
3.45 (m, 1H, -OCH2CH2CH2CH2CH2SAC), 2.83 (t, 2H, J=7.42Hz, -OCH2CH2CH2CH2CH2SAC), 
2.30 (s, 3H, SAc), 1.93, 1.96, 2.00, 2.01, 2.11 (s, 15H, OAc, NHAc), 1.52-1.62 (m, 4H, - 
OCH2CH2CH2CH2CH2SAC), 1.34-1.44 (m, 2H, -OCHzCHzCHzCI^CHzSAc), 1 ^ NMR (100 
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MHz, CD3CI) 8 = (need 13 C). FAB MS m/z: 784.0 (MH*). Anal: Calcd. for C 36 H 4 ^N0 16 S: C 
55.16; H 6.30; N 1.79. Found: C 54.89; H 6.32; N 1.87 

126B-175 




[0090] A solution of 110 mg (0.14 mmols) of 126B-172 in 3 ml of 80% AcOH was 
stirred at 45 °C for 16 hours. The reaction solution was concentrated at reduced pressure and co- 
evaporated twice with xylenes. The residue was flash chromatographed on silica gel using 7% 
MeGSI tn-CHaCk to provide 69 mg (71% yield) of white foam (7:3 mixture of amide rotamers). 
MP 95-97 °C; R f 0.46 (10% MeOH in CH 2 C1 2 ); [a] D = +107.69 (c 0.15 in CHCI3); IR (neat); 
3552.24, 1750.08, 1688.37, 1656.55, 1545.67, 1370.18, 1220.72; *H NMR (400 MHz, CDCI3) 6 
= 5.33 (dd, 1H, J=0.78, 3.51Hz, H"-4), 5.11-5.18 (m, 1H, H'-2), 4.94 (dd, 1H, J=3.51, J0.54Hz, 
H"-3), 4.78 (d, 1H, J=3.51Hz, H'-l), 4.61 (d, 1H, J=8.20Hz, pH"-l), 4.51 (td, 1H, J=3.90, 
10.54Hz, H'-2), 3.65-4.18 (m, 8H, H'-5, H'-3, H'-6, H"-6, H'-4, H"-5), 3.60-3.67 (m, 1H, - 
OCH2CH2CH2CH2CH2SAC), 3.31-3.40 (m, 1H, -OCH2CH 2 CH 2 CH2CH 2 SAc), 2.78-2.85 (m, 2H, 
-OCH2CH2CH2CH2CH2SAC), 2.70 (bs, 2H, OH), 2.28 (s, 3H, SAc), 1.92, 1.94, 2.00, 2.02, 2.11 
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(s, 15H, OAc, NHAc), 1.50-1.62 (m, 4H, -OCH2CH2CE2QI2CH2SAC), 1.32-1.42 (m, 2H, - 
OCH 2 CHaCH 2 CH 2 CH 2 SAc), 13 C NMR (100 MHz, CDCI3) 5 = 196.46, 170.61, 170.39, 170.32, 
169.72, 169.55, 101.86, 97.87, 78.38, 71.07, 70.82, 69.69, 69.37, 68.83, 67.89, 67.10, 62.88, 
61.52, 48.06, 30.86, 29.57, 29.03, 28.88, 25.61, 23.56, 20.87, 20.81, 20.79, 20.72, 20.67. 

[0091] FAB MS m/z: 696.1 (MH 4 ). Anal: Calcd. for C 29 H 45 N0 16 S: C 50.06; H 6.52; N 
2.01. Found: C 49.55; H 6.53; N 2.00 

126B-177L 





[0092] A solution of 300 mg (0.43 mmols) of 126B-175 in 5 ml of MeOH was treated 
with 30 pi of 25% (w/v) NaOMe/MeOH. The reaction was stirred at RT and with for 24 hours 
with slow flow of air bubbling u^ough~m~e^oilliionT'Intitially,"two spots were observed by TLC 
(R f 0.13 and R f 0.00 in 20% v/v MeOH/CH 2 Cl 2 ). The higher Rf spot corresponds to the 
monomeric thiol 126B-177H while the lower spot corresponded to the desired dimer 126B- 
177L. After 24 hours only one spot of 126B-177L was observable. At this point, the reaction was 
carefully neutralized with strongly acidic Atnberlite®-120, and evaporated under reduced 
pressure at 50 °C to give 200 mg (96%) of NMR pure 126B-177L. The crude product was 
purified by RPFC with 10% -> 40% (v/v) MeOH/H 2 0 to give 187 mg (90%) of pure 126B-177L 
as a white powder. The compound was both soluble in water and methanol. MP 247-249 °C; 
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[a] D = +93.76 (c 1.6 in MeOH); IR (neat) 3379.64, 2944.77, 2827.13, 2112.64, 1746.23, 
1218.79; ! H NMR (400 MHz, CD 3 OD) 8 = 4.14 (d, 2H, J= 1.95Hz, NH), 3.87 (dd, 2H, J= 3.12, 
10.93Hz, H'-2), 3.68 (m, 2H, [-OCH2-] 2 ), 3.40 (m, 2H, -OCH2-), 2.68 (t, 4H, J= 7.42Hz, -CHzS- 
SCIfc-), 194 (s, 6H, NHAc), 1.43-1.74 (m, 12H, [-OCHzQfcCH^CH^CHzS-k); 13 C NMR (100 
MHz, CDCI3) 8 = 172.77 (NHAc), 105.08 (C-l), 97.60, 77.76, 75.52, 73.52, 71.33, 70.85, 69.07, 
68.83, 67.54, 61.64, 61.38, 49.19, 38.41, 28.89, 28.81, 24.93, 21.69. FAB MS m/z: 969.2 (MH+). 
Anal: Calcd. for C 38 H 68 N 2 0 22 S 2 (3xH 2 0) C, 44.61; H, 7.29; N, 2.74. Found: C 44.24; H 7.21; N 
2.73. 



Synthesis of HEXPEG linkers 
126E-170 



HO. 




{PALEGROSDEMANGE, SIMON, et al. 1991 171 /id} 

[0093] A solution of 533ul of 50% NaOH (6.7 mmols) was added to lOg (35.5 mmols) 
of hexa(polyethyleneglycol) (Aldrich) at 100 °C. The reaction was stirred for 30 min at 100 °C. 
5-Bromo-l-pentene (lg, 6.7 mmols) was quickly added and the reaction was stirred at 100 °C for 
24 hours. The reaction was diluted with water and extracted 6x with EtOAc. Combined organic 
extracts were evaporated and separated by FCC with 10:1 CH 2 Cl2/MeOH. This gave 1 g of the 
title product as a clear liquid. R f (10:1 CH 2 Cl2/MeOH) = 0.3; IR (neat); 3465 (brs), 2231, 2022, 
1690; l H NMR (400 MHz, CD3CI) 8 = 5.73-5.83 (m, 1H, CH=CH 2 ), 4.90-5.02 (m, 2H, 
CH=CH 2 ), 3.53-3.70 (m, 24H, PEG), 3.43 (t, 2H, J= 6.49Hz, OCH^CHz^CH^H^, 2.08 (m, 
2H, OCH 2 CH 2 CH2CH=CH 2 ), 1.65 (m, 2H, OCH 2 CH2CH 2 CH=CH 2 ); 13 C NMR (100 MHz, 
CD3CI) 8 = 72.49, 70.66, 70.59, 70.55, 70.52, 70.33, 70.07, 61.68, 30.19, 28.75. FAB MS m/z: 
351.3 (MH*), 373.3 (M+Na 4 ). Anal: Calcd. for Ci 7 H 34 0 7 : C, 58.26; H, 9.78; Found: C 58.30; H 
9.78. 



126E-179 
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Palegrosdemange C, et al., J. Am. Chem. Soc, 113 (1): 12-20 Jan 2, 1991 

A solution of 2.8 g (8mmols) of 126E-170 in 30 ml MeOH was treated with 30 mmols (2.3g, 2.3 
ml) of freshly distilled HSAc. Solution was purged with argon for 20 minutes and lOmg of 
AIBN was added. Reaction was irradiated with 360nm light overnight, quenched with 1 ml of 
cyclohexene and evaporated. The residue was purified by FCC with 15:1 CH 2 Cl 2 :MeOH to 
afford 3g (88%) of S-acetylated product as a clear liquid. IR (neat); 3465 (brs), 1689; *H NMR 
(400 MHz, CD 3 C1) 8 = 3.52-3.72 . (m, 24H, PEG), 3.42 (t, ( 2H, J= 6.49Hz, 
OCH2CH2CH2CH2CH2SAC), 2.84 (d, 2H, J= 6.95Hz, OCH2CH2CH2CH2CH2.SAC), 2.60 (brs, 1H, 
OH), 2.29 (s, 3H, SAc), 1.56 (m, 4H, OC^CH^CHzCIfcCHzSAc), 1.39 (m, 2H, 
OCH2CH 2 CH2CH 2 CH 2 SAc); 13 C NMR (100 MHz, CD3CI) 8 = 195.91, 72.47, 71.09, 70.61, 
70.57, 70.55, 70.36, 70.09, 61.72, 30.62, 29.34, 29.10, 29.01, 25.36; FAB MS m/z: 427.4 (MH+). 
Anal: Calcd. for C^gOgS: C, 53.50; H, 8.98; 0, 30.01. Found: C 52.17; H 8.91. 



[0094] A solution of lg (2.34 mmols) of 126E-179 in 15 ml of dry MeOH was treated 
with 10 drops of 25% w/v NaOMe/MeOH for 30 minutes. Reaction was quenched with 
Amberlite®-120 ion-exchange resin, filtered and concentrated. The residue was purified by fee 
with 15:1 CH 2 Cl 2 :MeOH to afford 350mg (40%) of disulfide which was cleaved to free thiol 
with DTT as follows. The solution of 350 mg of the disulfide was treated with excess lOx DTT 
in H 2 0 for 1 hour, concentrated and purified by FCC with 10% CH 2 Cl 2 :MeOH to give 340 mg 
(98%) of 126F-018 as pale yellow liquid. l K NMR (400 MHz, CD 3 C1) 8 = 3.48-3.68 (m, 24H, 
PEG), 3.38 (t, 2H, J = 6.49 Hz, OCH2CH2CH2CH2CH2SH); 2.80 (t, 1H, J = 6.03 Hz, OH), 2.46 
(m, 2H, OCH2CH2CH2CH2CH2SH), 1.54 (m, 4H, OCH 2 CH2CH 2 CIfeCH2SH), 1.38 (m, 2H, 
OCHzCHzCHzOHfeCHzSH), 1.28 (m, 1H,_SH); 13 C_NMR (100 MHz, CD 3 C1) 8 = 72.49, 71.08, 
70.51, 70.48, 70.29, 70.05, 61.61, 33.75, 29.01, 24.87, 24.46. FAB MS m/z: 385.3 (MH*), 407.3 
(M+Na 4 ). Anal: Calcd. for CnHjeOyS: C, 53.10; H, 9.44; Found: C 52.53; H 9.41. 

Synthesis of p-Linked Galactoside 



126F-018 




126F-083 
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[0095] A solution of 1.4 g (2.8 mmols) of Gal-TCI{Ren & Liu 1999 124 /id} and 1 g 
(2.34 mmols) of 126E-179 in 20 ml of anhydrous CH 2 C1 2 was transferred via canula to 500 mg 
of flame-dried MS (4A) and stirred at RT for 30 min prior to addition of 20 |al of TMSOTF. 
After 1 hour at RT the reaction was quemched with 0.1 ml Et 3 N, filtered through Celite®, 
concentrated and purified by fee on silica gel yielding 1.2 g (82%) of 126F-083 as a glassy solid. 
l H NMR (400 MHz, CDC1 3 ) 5 = 5.31 (m, 1H, H-4), 5.14 (dd, 1H, J = 7.94 Hz, J = 10.48 Hz, H- 
3); 4.95 (dd, 1H, J = 3.44 Hz, J = 10.46 Hz, H-2), 4.50 (d, 1H, J = 7.99 Hz, H-l), 3.45-3.72 (m, 
24H, 24H PEG6), 3.80-4.20 (m, 3H, H-5, H-6ab), 3.40 (t, 2H, J = 6.60 Hz, - 
OCH2CH2CH2CH2CH2SAC), 2.70 (t, 2H, J = 7.32 Hz, -OCT2CH2CH2CH2CH2SAC), 2.25 (s, 3H, 
SAc), 2.08, 1.99, 1.98, 1.91 (s, 12H, 4xAc), 1.52 (m, 4H, -OOkCHzCHzCBaCHzSAc), 1.35 (m, 
2H, -OCHzCHzCIfeCHzCHzSAc); l3 C NMR (100 MHz, CDC1 3 ) 8 = 170.36, 170.25, 170.14, 
169.45, 101.38, 71.11, 70.91, 70.59, 70.27, 70.10, 69.07, 68.81, 67.07, 61.29, 30.62, 29.36, 
29.11, 29.02, 25.38, 20.76, 20.67, 20.58; FAB MS m/z: 795.6 (M + K 4 ); Anal: Calcd. for 
C33H56O17S: C, 52.37; H, 7.46; Found: C 52.09; H 7.49. 

126F-084 

[0096] A solution of 1 .2 g (1 .92 mmols) of 126F-083 in 1 5 ml MeOH was treated with 
catalytic amount of 25% NaOMe/MeOH. After stirring overnight under argon the reaction was 
neutralized with strongly acidic Amberlite®-120 ion-exchange resin, filtered, evaporated and 
purified by rp-fee on C-18 column with 10% -» 40% of MeOH in H 2 0 to give after 
lyophilization 750 mg (94%) of 126F-084 as a glassy solid. *H NMR (400 MHz, D z O) 5 = 4.30 
(d, 1H, J = 7.80 Hz, H-l), 3.97 (dt, 1H, J = 4.07 Hz, J = 11.19 Hz, ), 3.80 (m, 1H, ), 3.50-3.77 
(m, 29H, 24H PEG6, 5H sugar ring), 3.44 (m, 3H, -OCH^C^CH-CHzOfeSH, H-2), 2.45 (t, 2H, 
J = 7.1 Hz, -OCH2CH2CH2CH2CH2SH), 1.50 (m, 4H, -OC^CHjCHzCHaCHzSH), 1.32 (m, 2H, 
-OCH2CH2CH2CH2CH2SH); ! H NMR (400 MHz, CDCI3) 8 = 4.25 (d, 1H, J = 7.56 Hz, pH-1) 
4.07 (brs, 4H, OH), 3.97 (m, 1H, H-4), 3.78 (m, 1H), 3.50-3.73 (m, 28H, PEG6), 3.42 (t, 2H, J = 
6.54 Hz, -OCH2CH2CH2CH2CH2SH), 2.48 (m, 2H, -OCR2CR2CH3PH2CR2SH), 1.57 (m, 4H, - 
OCH2CH2CH2CH2CH2SH), 1.40 (m, 2H, -OCH2CH2CH2CH2CH2SH); l3 C NMR (100 MHz, 
CDCI3) 8 = 103.57, 74.47, 73.60, 71.12, 70.52, 70.48, 70.45, 70.39, 70.26, 70.05, 68.77, 68.54, 
61.38, 33.77, 29.02, 24.88, 24.49; FAB MS m/z: 585.5 (M + K 4 ); Anal: Calcd. for 
C23H46O12S: C, 50.53; H, 8.48; Found: C 48.99; H 8.51. 
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Synthesis of ^-Linked Lactoside 
126F-093 

[0097] A solution of 0.96 g (1.23 mmols) of O-lactosyl trichloroacetimidate 
heptaacetate and 426 mg (1 mmol) of PEG6-Pent-SAc in 15 ml of anhydrous CH 2 C1 2 was added 
via canula to 500 mg of flame-dried MS (4A). After stirring for 30 min at RT the solution was 
treated with 15 jil of TMSOTF. The reaction was quenched in 1 hour by addition of few drops of 
Et 3 N, filtered through Celite® and evaporated. The residue was purified by fee to give 1.05 g 
(82%) of the product as a glassy solid. l H NMR (400 MHz, CDC1 3 ) 8 = 5.35 (m, 1H, H-4"), 5.1 1 
(dd, 1H, J u = 7.89 Hz, J 2 j - 10.42 Hz, H-2"), 4.95 (dd, 1H, J 3 , 4 = 3.44 Hz, J 2(3 = 10.44 Hz, H- 
3"), 4.89 (dd, 1H, J = 7.95 Hz, J = 9.56 Hz, H-4'), 4.55 (d, 1H, J = 7.95 Hz, H-l"), 4.78 (d, 1H, J 
= 7.85 Hz, H-l'), 4.05-4.17 (m, 3H, H-6"ab, H-2'), 3.75-3.95 (m, 3H, H-6'ab, H-5), 3.50-3.75 
(m, 24H, PEG6), 3.45 (t, 2H, J = 6.60 Hz, -OCH2CH 2 CH 2 CH 2 CH 2 SAc), 2.87 (t, 2H, J = 7.30 Hz, 
-ClfcSAc), 2.32 (s, 3H, SAc), 2.15, 2.12, 2.06, 2.05, 2.04, 2.03, 1.97 (s, 21H, Ac), 1.59 (m, 4H, - 
OCH 2 CHaCH 2 CH2CH 2 SAc), 1.40 (m, 2H, -OCH 2 CH 2 CHaCH 2 CH 2 SAc); 13 C NMR (100 MHz, 
CDCI3) 5 = 170.34, 170.14, 170.04, 169.74, 169.65, 169.05, 101.12, 100.69, 71.12, 70.68, 70.58, 
70.10, 66.52, 62.02, 60.77, 29.36, 29.12, 29.03, 25.38, 20.69, 20.56, 20.44. FAB MS m/z: 1045.3 
(MH*), 1083.4 (M + K+). Anal: Calcd. for C45H72O25S: C, 51.72; H, 6.94, Found: C 51.34; H 
6.91. 

126F-094 

[0098] A solution of 860 mg (0.82 mmols) of 126F-093 in 20 ml MeOH was treated 
with catalytic amount of 25% w/v NaOMe in MeOH. In 1 hour reaction was quenched with 
strongly acidic ion-exchange resin Amberlite®-120, filtered, concentrated and purified by rp-fee 
on C-18 column with 20% -> 40% MeOH in H z O. *H NMR (100 MHz, D 2 0) 8 = 4.40 (d, 1H, J 
= 7.92 Hz, PH-1"), 4.34 (d, 1H, J = 7.72 Hz, pH-1'), 3.20-4.00 (m, 38H, 24 PEG6, 2 Pent, 12 
sugar), 2.45 (t, 2H, J = 7.01 Hz, CH^SH), 1.51 (m, 4H, -OCH 2 CT^CH 2 CH2CH 2 SH), 1.33 (m, 2H, 
-OCH 2 CH 2 CHaCH 2 CH 2 SH); 13 C NMR (100 MHz, D 2 0) 8 = 102.96, 102.91, 102.10, 78.30, 
75.32, 74.73, 74.26, 72.77, 72.51, 70.88, 69.57, 69.11, 68.69, 68.53, 68.48, 60.97, 60.06, 32.73, 
27.97, 24.01, 23.65. FAB MS m/z: 709.4 (MH*), 747.3 (M + K*). Anal: Calcd. for 
C29H56O17S: C, 49.14; H, 7.96, Found: C 48.75; H 7.77. 

Synthesis of a- and p-HEXPEG-Linked Thomsen-Friedenreich Antigen 
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126E-181-HI 




[0099] A solution of 2.5g (3.26 mmols) of 126C-219 and lg (2.36 mmols) of 126E- 
179 in CH2CI2 was evaporated and co-evaporated with toluene and the residue was dried under 
vacuum overnight. The dried mixture was dissolved in 3:1 mixture of anhydrous CH2CI2/THF 
(60:20ml) and added via canula to 2g of flame-dried MS (4 A). After stirring for 20 minutes 15ul 
TMSOTF was quickly injected via syringe. After 30 min reaction was quenched with Et 3 N, 
filtered and evaporated. Residue was purified by fee with 20:1 CH 2 Cl 2 :MeOH to afford 1.5g of 
a-anomer and 400 mg of p-anomer (a: 0=3.75). Total yield 79%. Other reaction conditions have 
been tested to achieve higher a/p stereoselectivity. It has been noted that lowering temperature 
leads to lower a/p selectivity. Increasing polarity resulted in better a/p selectivity. Using 3:1 
mixture of CH 2 C1 2 :THF at ambient temperature gave the highest stereoselectivity. 

[0100] Desired a-anomer (126E-181-HI) was isolated as a glassy solid. Rf (10:1 
CH 2 Cl 2 :MeOH)= 0.8; 4:1 ratio of rotamers. MMR of the major rotamer is given. *H NMR (400 
MHz, CD3CI) 8 = 7.39-7.43 (m, 2H, Ph), 7.20-7.28 (m, 3H, Ph), 5.43 (s, 1H, PhCH), 5.28 (m, 
1H, H-4"), 5.17 (dd, 1H, J = 7.88, 10.20 Hz, H-2"), 4.98 (d, 1H, J = 3.71 Hz, H-l'), 4.92 (m, 1H, 
H-3"), 4.67 (d, 1H, J = 7.88 Hz, H-l"), 4.26 (m, 1H, H-4'), 3.8-4.15 (m, 8H, H-2', H-3', H-6', 
H-6", H-5\ H-5"), 3.52 (m, 24H, PEG), 3.32 (m, 2H, OCHaCH 2 CH 2 CH 2 CH 2 SAc), 2.74 (m, 2H, 
OC3I 2 CH 2 CH 2 CH 2 CH2SAc), 2.19 (s, 3H, SAc), 2.04, 1.94, 1.92, 1.86 (s, 12H, 4xAc), 1.46 (m, 
4H, OCHzCHaCHzCHzCH^Ac), 1.30 (m, 2H, OCH2CH2CH2CH2CH2SAC); 13 C NMR (100 
MHz, CD3CI) 8= 195.86, 170.28, 170.23, 170.11, 169.38, 137.73, 128.81, 128.22, 128.08, 
126.50, 126.13, 102.41, 100.58, 98.87, 75.81, 71.06, 70.77, 70.55, 70.50, 70.22, 70.07, 69.19, 
68.67, 67.51, 66.97, 63.02, 62.39, 61.37, 58.84, 30.61, 29.64, 29.34, 29.09, 28.99, 25.35, 20.69, 
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20.67, 20.54; FAB MS m/z: 1031.9 (MH 4 ), 1069.9 (M+K 4 ). Anal: Calcd. for C46H 69 N 3 02 1 S: C, 
53.53; H, 6.74; N, 4.07; O, 32.55; S, 3.11 Found: C xx.xx; H x.xx. 

[0101] Side-product 126E-181-LO was isolated as a glassy solid. Rf (10:1 
CH 2 Cl 2 :MeOH)= 0.5; 



126E-188-HI 




[0102] A solution of 1 .5g of 126E-181-HI in 30ml THF + 15ml AcOH + 5ml Ac 2 0 
was treated with 15g of Zn dust. In 4 hours reaction was filtered through a pad of Celite®, the 
zinc cake was washed with EtOAc. Filtrate was washed successively with water, sat. NaHCC>3 
and brine. Organic layer was dried over Mg 2 SC>4, evaporated and flash-chromatographed with 
20:1 CH 2 Cl 2 :MeOH to afford 1.2g (79%) of 126E-188-HI as a glassy solid. R f (20:1 
CH 2 Cl 2 :MeOH) = 0.2; [a] D = +72.38 (c 1.37 in CHCI3); ! H NMR (400 MHz, CD 3 C1) 8 = 7.52- 
7.57 (m, 2H, Ph), 7.30-7.40 (m, 3H, Ph), 5.96 (d, 1H, J = 9.27 Hz, NH), 5.56 (s, 1H, PhCH), 5.38 
(m, 1H, H-4"), 5.20 (dd, 1H, J = 7.88, 10.66 Hz, H-2"), 4.99 (m, 2H, H-1% H-3"), 4.77 (d, 1H, J 
= 7.88 Hz, H-l"), 4.67 (m, 1H, H-2'), 3.72-4.30 (nr, 8H, H-2', H-3', H-6', H-6", H-5', H-5"), 
3.65 (m, 24H, PEG), 3.44 (t, 2H; J— 6:49-Hz r 0S^GH 2 CH 2 CH2CH 2 SAc), 2.86 (t, 2H, J = 7.42 
Hz, OCH 2 CH 2 CH 2 CH 2 CHaSAc), 2.32 (s, 3H, NHAc), 2.15 (s, 3H, SAc), 2.05, 2.04, 1.98, 1.97 
(s, 12H, 4xAc), 1.59 (m, 4H, OCH^HaCH^HaCH^Ac), 1.42 (m, 2H, 
OCH 2 CH 2 CHaCH 2 CH 2 SAc); 13 C NMR (100 MHz, CD 3 C1) 6= 170.27, 170.12, 169.53, 169.36, 
137.74, 128.71, 128.10, 128.06, 126.62, 126.21, 126.06, 101.40, 100.59, 98.57, 75.70, 74.52, 
71.05, 70.85, 70.74, 70.54, 70.52, 70.36, 70.06, 69.99, 69.27, 68.81, 67.23, 66.96, 63.13, 61.25, 
18.12, 30.60, 29.32, 29.08, 28.98, 25.33, 23.39, 20.68, 20.53. FAB MS m/z: 1048.2 (MH 4 ). 
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Anal: Calcd. for C 4 8H 73 N022S: C, 55.00; H, 7.02; N, 1.34; O, 33.58; S, 3.06. Found: C 54.57; H 
7.06; N 1.43 



126E-190-HI 




[0103] A solution of 1.2g (1.14 mmols) of 126E-188-HI in 20 ml of dry MeOH was 
treated with a few drops of AcCl for 1.5 hours, quenched with pyridine, evaporated and purified 
by FCC with 20:1 -> 10:1 CH2C12:MeOH to afford 700mg (65%) of 126E-190-HI as a glassy 
solid. R f (10:1 CH 2 Cl 2 :MeOH)= ; [a] D = +47.57 (c 0.60 in MeOH); X H NMR (400 MHz, CD 3 C1) 
5= 5.90 (d, 1H, J = 9.74 Hz, NH), 5.37 (m, 1H, H-4"), 5.20 (dd, 1H, J = 7.88, 10.66 Hz, H-2"), 
5.00 (m, 1H, H-3"), 4.86 (d, 1H, J = 3.71 Hz, H-l'), 4.66 (d, J = 8.34 Hz, H-l"), 4.57 (m, 1H, H- 
2'), 3.76-4.22 (m, 7H, H-3', H-6', H-6", H-5', H-5"), 3.54-3.72 (m, 24H, PEG), 3.45 (t, 2H, J = 
6.49 Hz, OCHaCH2CH 2 CH 2 CH 2 SAc), 2.86 (m, 2H, OCH 2 CH 2 CH 2 CH 2 CHaSAc), 2.32 (s, 3H, 
NHAc), 2.16 (s, 3H, SAc), 2.08, 2.06, 1.99, 1.98 (s, 12H, 4xAc), 1.59 (m, 4H, 
OCHzCHaCHjCHaC^SAc), 1.42 (m, 2H, OCH 2 CH 2 CH2.CH 2 CH 2 SAc); 13 C NMR (100 MHz, 
CD 3 C1) 5= 195.90, 170.36, 170.17, 170.06, 169.59, 169.35, 101.63, 98.15, 78.10, 71.04, 70.77, 
70.64, 70.56, 70.53, 70.48, 70.44, 70.20, 70.04, 69.97, 69.81, 69.10, 68.58, 67.05, 66.94, 62.51, 
61.28, 47.81, 30.59, 29.31, 29.05, 28.96, 25.32, 23.30, 20.64, 20.60, 20.57, 20.50. FAB MS m/z: 
961.4 (MH 4 ). Anal: Calcd. for C 4 iH 69 N0 22 S: C, 51.29; H, 7.24; N, 1.46; Found: C 50.47; H 
6.91; N 1.55. 

126F-004 
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[0104] A solution of 500mg of 126E-190-HI (0.52 mmols) in 20ml of dry MeOH was 
treated with 7 drops of 25% w/v NaOMe/MeOH and stirred at room temperature for an hour. 
Reaction was quenched with Amberlite®-120 ion-exchange resin, filtered and evaporated. The 
residue was cleanly purified with 20% MeOH in CH 2 C1 2 to give 350mg (90%) of 126F-004 as a 
glassy solid (after liophylization). R f (20% MeOH in CH 2 C1 2 )= 0.20; [a] D = +24.36 (c 0.24 in 
MeOH); l H NMR (400 MHz, D 2 0) 5= 4.80 (d, 1H, J = 3.71 Hz, H-l '), 4.35 (d, 1H, J = 7.88 Hz, 
H-l"), 4.24 (dd, 1H, J = 3.71, 10.66 Hz, H-2'), 4.12 (m, 1H, H-4"), 3.94 (dd, 1H, J = 2.78, 11.13 
Hz, H-3"), 3.48-3.90 (m, 33H, 24H PEG, NH, H-3', H-4', H-5', H-5", H-6', H-6"), 3.43 (m, 3H, 
OCH 2 CH 2 CH 2 CH 2 CH 2 SH, H-2"); 2.44 (m, 2H, OCH 2 CH 2 CH 2 CH 2 CH2SH), 1.91 (s, 3H, NHAc), 
1.50 (m, 4H, OCH 2 CHaCH 2 CHaCH 2 SH), 1.33 (m, 2H, OCH 2 CH 2 CH2CH 2 CH 2 SH); 13 C NMR 
(100 MHz, D 2 0) 8= 174.44, 101.75, 97.42, 97.30, 77.25, 74.92, 72.51, 70.87, 70.71, 70.57, 
69.57, 69.11, 68.78, 68.69, 68.59, 68.48, 66.40, 61.16, 60.91, 48.45, 32.75, 27.98, 24.02, 23.66, 
22.06, 22.04; FAB MS m/z: 750.3 (MH 4 ), 788.3 (M+K 4 ). Anal: Calcd. for C31H59NO17S: C, 
49.65; H, 7.93; N, 1.87. Found: C 49.28; H 7.86; N 1.82. 



[0105] Thiol 126F-004 dimerized on storage into disulfide 126F-062 which was 
separated from thiol by fee with 20 30% MeOH in CH 2 C1 2 . R f = 0.15 (30% MeOH in CH 2 C1; 
'H NMR (400 MHz, D 2 0) 5= 4.80 (d, J = 3.81 Hz, H-l'), 4.34 (d, J = 7.61 Hz, H-l"), 4.24 (m, 
1H, H-2'), 4.12 (m, 1H, H-4"), 3.94 (dd, 1H, J 3>4 = 2.93, J v = 11.12 Hz, H-3"), 3.48-3.90 (m, 
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OH 
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33H, 24H PEG, NH, H-3\ H-4', H-5\ H-5", H-6\ H-6"), 3.43 (m, 3H, 
OCHzCHzCHzCHzCHzSH, H-2"); 2.66 (m, 2H, OCH2CH2CH2CH2CH2SH), 1.91 (s, 3H, NHAc), 
1.62 (m, 2H, OCH2CH2CH2CH2CH2SH), 1.51 (m, 2H, OCH 2 CH 2 CH 2 CH2CH 2 SH), 1.34 (m, 2H, 
OCH 2 CH 2 CHaCH2CH2SH); 13 C NMR (100 MHz, D 2 0) 6= 174.41, 104.71, 97.43, 97.31, 77.33, 
77.27, 74.90, 72.51, 70.81, 70.69, 70.56, 69.61, 69.22, 68.78, 68.67, 68.58, 68.48, 66.39, 61.14, 
60.89, 48.44, 38.19, 28.23, 24.23, 22.06, 22.04; FAB MS m/z: xxxx.x (MH+). Anal: Calcd. for 
C62H116N2O34S2: C, 49.72; H, 7.81; N, 1.87; Found: C xx.xx; H x.xx; N xx.xx. 



126F-005 



HO 




[0106] Compound 126F-005 was further debenzylidenated as described for 126E-190- 
HI to give additional 126F-004. 

Phase-transfer preparation of TF-Encapsulated Gold Nanoparticles (TF-AuNP) 
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[0107] A solution of HAuCU (0.015 mmols) in 1 ml of H 2 0 was combined with a 
solution of tetraoctylammonium bromide (0.035 mmols) in 1 ml of toluene. The biphasic mixture 
was vigorously shaken until all HAuCL* was transferred into the toluene layer (orange color). 
The organic layer was separated. Sodium borohydride (2 mg, 0.053 mmols) was dissolved in the 
freshly prepared solution of 126B-177 (12.8 mg, 0.013 mmols) in 1 ml of MeOH. Ligand to gold 
ratio was 1.76:1. The solution of ligand was added dropwise to the toluene solution of HAuCU 
with vigorous stirring. This led to an immediate formation of dark brown precipitate. After 
stirring for 1 hour at ambient temperature the nanoparticles were isolated by a few rounds of 
centrifugation/decantation in methanol. Solution of nanoparticles in water was subjected to SEC 
on P-4 BioGel® column (exclusion limits ) to remove traces of low MW impurities. This 
procedure consistently gave high purity nanoparticles as judged by the absence of any sharp 
peaks in the NMR spectrum. In contrast, separation by centrifugal filtration on Centriplus® YM- 
30 (MWCO 30,000) always led to small impurities of glycerol which is used by Millipore, Inc. 
as a humectant of the filter membranes. The lyophilized nanoparticles were separated as a dark 
powder which was readily soluble in water to give intense purple color (A^ax = 522 nm). Dilute 
frozen solutions did not retain the purple coloration but once melted the color. NMR spectrum of 
the nanoparticles in D2O closely corresponds to the positions of the functional groups of the 
ligand (Figure 1). IR (powder) cm" 1 3298.64, 2925.48, 2854.13, 1711.51, 1619.91. 

Alternative "aqueous 5 ' preparation of TF-AuNP (Otsuka H, Akiyama Y, Nagasaki Y, 
Kataoka K, J. Am. Chem. Soc. 123 (34): 8226-8230 AUG 29 2001) 

[0108] A solution of 1% HAuCl 4 (1.9 ml, 0.046 mmols in Au 3+ ) was added to 200 ml 
of degassed H 2 0. To this solution was added lOmg (0.010 mmols) of TF-S-S-TF (0.020 mmols 
per thiol). A cooled (0 °C) solution of 20 mg (0.53 mmols) in 25 ml H 2 0 was added dropwise to 
the reaction solution with rapid stirring. Resulting colored solution was stirred for additional 
hour, purified on Millipore's Centriplus® YM-30 centrifugal device and freeze-dried. Ratio of 
reactants: TFSH:Au = 1:2.3 

Alternative "aqueous" preparation of TF-HEXPEG-AuNP {Otsuka, Akiyama, et al. 2001 324 
/id} 

[0109] A solution of 15 mg (0.02 mmols) of 126F-004 in 1.9 ml (1%) HAuCL* and 200 
ml of degassed distilled water (Sigma) at 0 °C was slowly treated with a solution of 20 mg 
NaBHU in 25 ml of ice-chilled water. The resulting wine-red solution was stirred overnight, 
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purified on Millipore's Centriplus® YM-30 centrifugal device and freeze-dried. Ratio of 
reactants: 126F-004: Au 3+ = 1:2.3. See Table I, 'TMational Cancer Institute". 

Alternative "aqueous" preparation of TF-HEXPEG-AuNP via disulfide {Otsuka, Akiyama, 
et al. 2001 324 /id} 

[0110] A solution of 16 mg (0.021 mmols per ligand) of 126F-062 in 1.8 ml of 1% 
HAuCU was added to 200 ml of ice-chilled degassed distilled water (Sigma). The solution was 
then slowly treated with 20mg/25ml of ice-chilled NaBBU in water. After 20 min at 0 °C and 30 
min at ambient temperature the wine-red reaction solution was purified on Millipore's 
Centriplus® YM-50 centrifugal device and freeze-dried. Ratio of reactants TF-HEXPEG- 
SH:Au 3+ = 1:2.3. 

Preparation of TFB-AuNP 
126E-17 
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[01 1 1] A solution of 660 mg (0.93 mmols) of 126D-14{S varovsky & Barchi 2003 281 
/id} in 10 ml of anhydrous 1,4-dioxane was purged with argon for 20 min. To this deoxygenated 
solution 1.0 ml (13 mmols, 14 eqiuvs) of doubly distilled tbiolacetic acid was added followed by 
200 mg (1.2 mmols) of AIBN. The reaction was left to stir under argon atmosphere at 75 °C 
overnight or until no starting material could be detected by TLC. The reaction was then 
quenched with 1 ml of cyclohexene. The solution was co-evaporated with xylenes under reduced 
pressure. FCC on silica gel with 6:1 EtOAc/ hexanes provided 655mg (90%) of a glassy solid. Rf 
0.24 (6:1 EtOAc/hexanes); [<x] D = +20.02 (c 2.41 in CHC1 3 ); IR (neat) 1749.12, 1686.44, 
1655.59, 1557.24; l H NMR (400 MHz, CDC1 3 ) 8 = 7.47-7.52 (m, 2H, Ph), 7.27-7.35 (m, 3H, 
Ph), 5.93 (d, 1H, J=6.64Hz, NH), 5.51 (s, 1H, PhCH), 5.32 (d, 1H, J=3.51Hz, H"-4), 5.17 (dd, 
1H, J=8.20, 10.15Hz, H'-2), 5.07 (d, 1H, J=8.20Hz, H'-l), 4.95 (m, 1H, H"-3), 4.73 (d, 1H, 
J=7.81Hz, pH"-l), 4.69 (m, 1H, H'-3), 4.26 (1H, J=12.49Hz, H-6a), 4.25 (m, 1H, H'-4), 4.09 (d, 
2H, H-6), 4.01 (d, 1H, J=12.49Hz, H-6b), 3.81-3.90 (m, 2H, -OCH2CH2CH2CH2CH2SAC, H"-5), 
3.30-3.45 (m, 3H, -OCH2CH 2 CH 2 CH 2 CH2SAc, H'-5, H'-2), 2.73-2.86 (m, 2H, - 
OCH2CH 2 CH2CH 2 CH2SAc), 2.26 (s, 3H, SAc), 2.10 (s, 3H, NHAc), 1.99, 1.98, 1.93, 1.92 (s, 
12H, OAc), 1.48-1.60 (m, 4H, -OCH2CH2CH2CH2CH2SAC), 1.32-1.40 (m, 2H, - 
OCH2CH2CH2CH2CH2SAC); 13 C NMR (100 MHz, CD 3 C1) 8 = 196.42, 171.25, 170.49, 170.28, 
169.32, 138.05, 128.99, 128.27, 126.40, 101.47, 100.85, 99.11, 76.19, 75.77, 71.24, 71.05, 69.63, 
69.52, 69.26, 67.30, 66.63, 61.86, 54.81, 30.84, 29.55, 29.20, 29.01, 25.52, 23.92, 21.03, 20.88, 
20.74. FAB MS m/z: 784.1 (MH 4 ). Anal: Calcd. for C 36 H 49 N0 16 S: C 55.16; H 6.30; N 1.79. 
Found: C 54.3 1 ; H 6.08; N 1 .8 1 . 

126E-20 
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[0112] A solution of 600 mg (0.76 mmols) of 126E-17 in 15 ml of methanol was 
treated with a few drops of acetyl chloride and the reaction wias stirred at room temperature for 
an hour. The reaction was quenched with 1 ml of pyridine and concentrated. Purification of the 
crude by fee with 5% to 10% MeOH in CH 2 C1 2 yielded 510 mg (96%) of 126E-20 as a glassy 
solid. R f 0.60 (10% MeOH in CH 2 C1 2 ); [ot] D = +9.55 (c 1.69 in CHC1 3 ); IR (neat) 3565.74, 
3283.21, 1751.05, 1735.62, 1696.09, 1652.70; *H NMR (400 MHz, CDC1 3 ) 5 = 6.05 (d, 1H, 
J=7.03Hz, NH), 5.33 (d, 1H, J=3.12Hz, H"-4), 5.13 (m, 1H, H"-2), 4.98 (dd, 1H, J=3.51, 
10.54Hz, H'-3), 4.91 (d, 1H, J=8.59Hz, pH'-l), 4.61 (d, 1H, J=7.81Hz, pH"-l), 4.56 (m, 1H, 
H'-3), 4.03 (m, 1H, H'-4), 3.82 (m, 1H, -OCHiCHzCHzCHzCHzSAc), 4.14-3.70 (m, 5H, H'-6, 
H'-6, H-5), 3.57 (m, 1H, H-5), 3.42 (m, 1H, -OOIzCHzCHzCHzCHzSAc), 3.24 (m, 1H, H'-2), 
2.86 (s, 1H, 4-OH), 2.78 (m, 2H, -OCHzCHzCHzCHzCHzSAc), 2.58 (s, 1H, 6-OH), 2.27 (s, 3H, 
SAc), 2.11 (s, 3H, NHAc), 2.02, 2.01, 1.93 (s, 12H, OAc), 1.48-1.58 (m, 4H, - 
OCHzCHzCHzCHzCHzSAc), 1.30-1.40 (m, 2H, -OCHzCHzCH^CHzCH^Ac); 13 C NMR (100 
MHz, CD3CI) 5 = 196.55, 171.04, 170.74, 170.33, 170.22, 169.61, 101.43, 99.35, 78.66, 73.91, 
71.20, 70.86, 69.69, 68.93, 68.43, 67.20, 62.61, 61.78, 54.69, 30.84, 29.50, 29.15, 29.01, 25.44, 
23.87, 20.95, 20.82, 20.78, 20.72. FAB MS m/z: 696.1 (MH*). Anal: Calcd. for C 29 H 45 NOi 6 S: C, 
50.06; H, 6.52; N, 2.01; Found: C 49.41; H 6.52; N 2.04. 



126E-23 
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[0113] A solution of 300 mg (0.43 mmols) of 126E-20 in 5 ml of MeOH was treated 
with 5 drops of 25% (w/v) NaOMe/MeOH. The reaction was stirred at RT for 10 minutes. The 
reaction was carefully neutralized with strongly acidic Amberlite®-120, and evaporated under 
reduced pressure at 50 °C to give 200 mg (96%) of 126E-23 contaminated by small amount of 
dimeric disulfide. The crude product was purified by RPFC with 10% -> 40% (v/v) MeOH/H 2 0 
to give 1 87 mg (90%) of 126E-23 as a white powder. The compound was soluble in water and 
moderately soluble in methanol and chloroform. R f 0. 10 (20% MeOH-CH 2 Cl 2 ); [cc] D = -6.48 (c 
0.50 in MeOH); IR (neat) 3274.54, 1617.02, 1563.99; *H NMR (400 MHz, D 2 0) 8 = 4.37 (d, 
1H, J = 8.59 Hz, pH-1"), 4.31 (d, 1H, J = 7.42 Hz, pH-1'), 4.04 (d, 1H, J = 2.73 Hz, NH), 3.36- 
3.90 (m, 14H, H-2", 2xH-6', 2xH-6", H-3', H-3", H-4', H-4", H-5\ H-5", - 
OCHaCH 2 CH 2 CH 2 CH 2 SH, H-2'), 2.41 (m, 2H, -OCH 2 CH 2 CH 2 CH 2 CHiSH), 1.89 (s, 3H, 
NHAc), 1.39-1.53 (m, 4H, -OCH 2 CH2CH 2 CHaCH 2 SH), 1.23-1.32 (m, 2H, - 
OCH 2 CH 2 CifeCH 2 CH 2 SH); 13 C NMR (100 MHz. CD 3 C1) 8 = 174.82, 105.01, 101.51, 80.18, 
80.03, 75.23, 75.08, 74.98, 74.83, 72.71, 72.57, 70.83, 70.53, 70.37, 70.21, 68.84, 68.67, 68.28, 
68.15, 61.25, 61.18, 61.09, 51.43, 32.77, 28.20, 24.09, 23.86, 22.53, 22.44.FAB MS m/z: 486.0 
(MH 4 ), 508.1 (M+Na 4 ). Anal: Calcd. for Q9H35NO11S: C, 47.00; H, 7.27; N, 2.88; Found: C 
44.09; H 7.14; N 2.76. 

In Vivo Immunotherapy Mice Experiments and Results 
In vivo Anti-Tumor Effect of JAA-F11 
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[0114] To investigate the anti-tumor effect of JAA-F1 1 antibody in vivo, the 4T1 
mouse breast cancer model was used. The 4T1 tumor line has several characteristics that make it 
a suitable experimental animal model for human mammary cancer. First, 4T1 tumor cells are T- 
Ag, positive, easily transplanted into the mammary gland so that the primary tumor can grow in 
situ, and metastases readily developed. The primary tumor can be surgically removed, so that 
metastatic disease can be studied in an animal model, comparable to the clinical situation where 
the primary breast tumor is surgically removed and metastatic foci remain intact (Pulaski et al, 
1998, Pulaski et al, 2000, Aslakson et al, 1992). 

Maintaining and harvesting 4T1 Tumor Cells in vitro 

[0115] 4T1 tumor cells were cultured in a 250 ml polystyrene vented culture flask with 
RPMI 1640 medium containing 2mM L-glutamine, 1.5g/L sodium bicarbonate, 4.5 g/L glucose, 
lOmM HEPES and l.OmM sodium pyruvate (90%) plus 10% FBS. The culture flasks were 
incubated in a 37 °C, 5% C02 tissue culture incubator. Cultures were split 2 to 3 times per week 
and were not grown in vitro longer than one month before implantation. The cells were not 
allowed to exceed 50% to 80% confluence as overgrowth will decrease the viability of cells. 
When the cells were harvested, the culture medium was discarded. Five ml sterile PBS was 
added to wash the flask and discarded. Five ml trypsin solution (Trypsin-0.25%, EDTA-0.1%) 
solution was added to cover the side of the flask and was incubated at 37 °C for 5 minutes. 
Twenty-five ml of medium was added to harvest trypsinized cells from flask and transferred to a 
50- ml conical tube. The tube with harvested cells was centrifuged 10 min at 1000 rpm. The 
supernatant was discarded and the cell pellet was resuspended in 10 ml of medium. A 30cc 
syringe with an 18-G needle was used to separate 4T1 cells into single-cell suspension. The 
viable cell concentration was determined using a hemacytometer. The cells were diluted with 
the same medium to the desired concentration for injection. 

In vivo experiments 

[0116] According to previously published studies (Pulaski et al, 1998, Pulaski et al, 
2000, Aslakson et al, 1992), 1*10 4 viable tumor cells per mouse was selected to ensure the tumor 
incidence will be 100% but the tumor load will be not too great for Ab treatment. 
Injecting mice with 4T1 tumor cells and T-Ag gold or PBS 
[0117] One hundred microliters of 10 5 viable cells/ml 4T1 cell suspension was 
subcutaneously inoculated in the right abdominal mammary gland of eight-week-old female 
BALB/c mice. Three days after implanting the 4T1 tumor cells, twenty five mice were divided 
into two groups randomly, and received an intraperitoneal administration of either purified T Ag 
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gold (5mice) (5ji,g/100(xl/mouse) as treatment or PBS (20 mice) as control twice weekly. On the 
fourteenth day after implanting 4T1 tumor, the primary breast tumors were surgically removed. 
Measurement of tumor outcome 

[0118] The mouse weights were measured and the weight loss rates were compared 
between the treated and the control mice. Clinical symptoms, such as lack of grooming, rough 
coat, rapid and labored breathing, and loss of mobility were monitored and recorded and used as 
indicators of morbidity. Mice were sacrificed when the tumor diameter reached 14 mm or 
weight loss reached 20% or significant morbidity occurred. Daily observations were made by 
both investigators and animal caretakers. The survival time was recorded and analyzed by 
Kaplan-Meier Survival Curve (MedCalc). The organs of interest (primary tumor, lung, liver, 
spleen, lymph node and brain) were collected and fixed using Z-fixative. Number of metastasis 
grossly apparent in the lungs were counted. Difference in the number of metastasis was analyzed 
by Chi- Square analysis using MedCalc Software Version 7.2. Paraffin sections for 
immunohistochemical staining were prepared for histological analyses of metastasis presence. 

Analysis of Results 

[0119] The median survival time of PBS and T-Ag groups was days 57 and 70 
respectively. The difference was not significant (p > 0.05) according to the results of Kaplan- 
Meier Curve . This is being repeated with a larger number of animals. 

[0120] The organs of interest, such as primary tumor, lung, liver, brain, spleen, were 
collected. Metastatic lesions were found on lymph nodes, ribs, pericardium and lungs in mice 
from both groups. The levels of metastases on lungs were classified into four groups after 
counting the number of metastatic lesions grossly visible in the lungs as shown in the Figures. 
The mice with TF Ag treatment had less metastasis on the lungs compared to those with PBS 
control. Two sets of the lungs from the T-ag gold group that were grossly negative for tumor 
metastasis were examined for micrometastasis by a pathologist in a blinded study with several 
lungs with metastatic lesions. Of the two mice in the PBS control group, "no metastases 
observed", one had histologically apparent tumor nodules, while the other did not. 

[0121] These results indicate that gold nanoparticles coated with a specific tumor 
associated carbohydrate antigen; one that is displayed in 90% of human carcinomas to the 
immune system during tumor growth and progression. TF antigen is an O-linked glycoprotein is 
ideal for studying the interactions that may be occurring in vivo when a tumor cell metastasizes. 
A breast cancer model cell line, 4T1, was investigated using the TF- Antigen conjugated gold 
nanoparticles. Without being bound by a particular theory of operation, the 4T1 cell line appears 
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to metastasize through interactions with the TF disaccharide that was used to prepare the gold 
nanoparticle conjugates. In addition, TF-antigen disaccharide appears to be involved in a 
specific carbohydrate-protein interaction that aids lung colonization of 4T1 breast cancer cells. 
Tumors were first implanted in mice and then allowed to grow. Treatment with nanoparticle 
conjugates began on the third day after implantation. When the primary tumors were palpable, 
they were surgically removed and the mice were continued to be treated with the nanoparticle 
conjugates. The TF-antigen gold nanoparticle conjugates inhibited metastases from the 
metastatic site in the lungs. Without being bound by a particular theory of operation, Ab to TF 
Ag apparently can either increase or decrease proliferation rate, as can lectins that bind TF Ag. 
Apparently, the addition of a TF-antigen containing gold particle may be able to interfere with a 
process involved in replication of the tumor cell, in addition to being able to inhibit adhesion. In 
addition, TF-antigen gold containing nanoparticle conjugates may also have utility in the 
elucidation of the mechanism of TF-antigen and replication. 
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